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(57) ABSTRACT

The present invention relates to the synthesis, composition
and use of novel moieties formed by reacting a transimination
nucleophilic catalyst, molecular or polymeric, with carbonyl-
containing therapeutic or cosmetic moieties. The resultant
Schiff base product is highly reactive towards transimination
with a biological amine. The catalyst and carbonyl-contain-
ing moiety can be molecular or polymeric, and the resultant
chemical and physical properties of the Schiff base products
can be engineered by appropriate selection of said catalyst.
The present invention also relates to the synthesis, composi-
tion and use of novel moieties that are used as actives in
sunless tanning preparations. The present invention also
relates to the use of transimination nucleophilic catalysts to
increase the rate at which a carbonyl-containing moiety reacts
with a biological amine. The present invention also relates to
the use of transimination nucleophilic catalysts to increase
the rate and efficacy of commercial sunless tanning prepara-
tions. Improvements on stability and efficacy of said prepa-
rations are disclosed. While the invention has been described
in terms of its preferred embodiments, those skilled in the art
will recognize that the invention can be practiced with modi-
fication within the spirit and scope of the appended claims.
Accordingly, the present invention should not be limited to
the embodiments as described above, but should further
include all modifications and equivalents thereof within the
spirit and scope of the description provided herein.

16 Claims, 8 Drawing Sheets
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FIGURE 2
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FIGURE 3
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FIGURE 4
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FIGURE 5
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FIGURE 6A and B
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FIGURE 7

In Vivo clinical studies
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SYNTHESIS, COMPOSITION AND USE OF
NOVEL THERAPEUTIC AND COSMETIC
SCHIFF BASE PRODUCTS FORMED BY
REACTION OF A CARBONYL CONTAINING
MOEITY WITH A TRANSIMINATION
NUCLEOPHILIC CATALYST AND THE USE
OF TRANSIMINATION NUCLEOPHILIC
CATALYSTS TO INCREASE THE RATE AT
WHICH CARBONYL CONTAINING
THERAPEUTIC AND COSMETIC ACTIVES
FORM SCHIFF BASE PRODUCTS WITH
BIOLOGICAL AMINES

RELATED APPLICATIONS

This application claims the benefit of priority of provi-
sional application Ser. No. US61/442,432, filed Feb. 14,
2011, entitled “Synthesis, Composition and Use of Novel
Therapeutic and Cosmetic Schiff Base Products Formed by
Reaction of a Carbonyl Containing Moiety With a Transimi-
nation Nucleophilic Catalyst and the Use of Transimination
Nucleophilic Catalysts to Increase the Rate at which Carbo-
nyl Containing Therapeutic and Cosmetic Actives Form
Schiff Base Products with Biological Amines, and provi-
sional application Ser. No. US61/502,466, filed Jun. 29,
2011, entitled “Acceleration of In Vivo Schiff Base Forma-
tion, Compounds Related Thereto and Therapeutic Uses
Thereof, each of which applications is incorporated by refer-
ence in its entirety.

FIELD OF THE INVENTION

The present invention relates to the synthesis, composition
and methods for use of imines (Schiff bases) and iminium
cations formed by reacting a transimination nucleophilic
catalyst, with aldehyde or ketone containing molecules, and
their use to treat disease or impart color change on the skin.
The present invention also relates to the use of transimination
nucleophilic catalysts, to increase the rate at which xenobiotic
carbonyl containing molecules react with endobiotic biologi-
cal amines. The present invention also relates to the use of
imines, based on pyridoxamine, that form stable Schiff bases
with aldehydes and are useful for treating sickle cell disease.

BACKGROUND

Endobiotic biological amines are reactive targets for an
assortment of therapeutic and cosmetic moieties. In particu-
lar, moieties that contain a carbonyl group, and more particu-
larly an aldehyde or ketone, can interact with said biological
amines by forming an imine (Schiff base). Formation of said
imine is kinetically slow under physiological conditions and
thermodynamically unfavorable.

As one non-limiting example, aliphatic and aryl aldehydes
are known to form Schift base adducts with hemoglobin and
impact allosteric oxy-deoxy protein confirmations. Said alde-
hydes can be used to treat hemoglobinopathies including, but
not limited to, sickle cell disease. Sickle cell disease is a
global health issue, resulting from an autosomal recessive red
blood cell disorder that most commonly affects those of Afri-
can, Mediterranean and Asian decent (1). Over 13 million
people worldwide, including ~100,000 Americans, are
afflicted with the disorder, with ~300,000 babies born each
year with SCD (2). The disease is a caused by an inherited
hemoglobinopathy that impairs oxygen binding and enables
polymers to form in the red blood cells (RBC), triggering
episodes of acute sickle crisis whereby the shapes of the RBC
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are distorted and become rigid and sickle-shaped (1). The
genetic mutation is manifested physiologically as the altered
morphologically sickled RBC occlude circulation, resulting
in localized ischemia, infarction, hemolytic anemia, organ
damage and other debilitating acute and chronic effects (1).
While the frequency, severity and duration of vaso-occlusive
crises can vary amongst individuals, the episodes are
extremely painful, recurrent and lead to a high rate of hospi-
talization and use of acute medical care facilities, with annual
costs to the global healthcare system (3). The pain crisis is the
hallmark feature of the disease, interfering profoundly with
functioning and has defied all attempts to intervene with
drugs that target the sickling process (4). One promising
approach to treat acute episodes involves the use of aryl
aldehydes that interact stoichiometrically with the N-terminal
amino group of a-Vall of HbS, increasing the oxygen affinity
and inhibiting the sickling of homozygous sickle red blood
cells by affecting allosteric oxy-deoxy conformational tran-
sitions (6). The resultant Schiff base adduct is thought to be
stabilized by intramolecular interactions between structural
aspects of oxy-Hb at the aa-end of the central cavity (6).
Preclinical studies with various aldehydes have shown prom-
ise in vitro where the hypoxia-induced formation of sickle
cells was largely inhibited by high concentrations of aldehyde
(7). In addition, certain aldehydes have been shown to pro-
long the survival time of mice exposed to severe hypoxia and
can exhibit favorable pharmacokinetic properties including
oral bioavailability, rapid absorption into the blood stream,
and high specificity for HbS (7). The clinical utility of these
aldehydes requires high concentrations to compensate for the
slow rate of Schiff base adduct (aldehyde/Hemoglobin) for-
mation at hemoglobin and it would be advantageous to
increase the rate of reaction, and thereby decrease the con-
centration of therapeutic needed for efficacy.

As another non-limiting example, aldehyde-containing
molecules can be used as adjuvants to other interventions
(e.g., vaccination) to combat a variety of pathogens, cancers
and chronic infections. Non-limiting examples of said alde-
hydes include, but are not limited to, synthetic and natural
saponin fractions QS-21 from Quillaja saponaria. It has
recently been demonstrated unequivocally that the QS-21
isomeric constituents are responsible for the adjuvanticity of
the saponin fractions, and that the aldehyde located on the
triterpene is required for the adjuvant mechanism of action
through Schiff base interaction with a cellular target. The
saponin fraction of QS-21 has been demonstrated to be a
potent immunological adjuvant when mixed with keyhole
limpet hemocyanin conjugate vaccines, as well as with other
classes of subunit antigen vaccines. QS-21 adjuvant is com-
posed of two isomers that include the apiose and xylose forms
in a ratio of 65:35, respectively. The chemical syntheses of
these two isomers in pure form have recently been disclosed).

As another non-limiting example, synthetic immune
response modifiers including, but not limited to, Tucaresol
(4(2-formyl-3-hydroxy-phenoxymethyl) benzoic acid) and
its derivatives, and Isotucaresol and its derivatives can form
Schiff base adducts with T-cell surface amines and, in the
presence of an antigen, provides co-stimulatory signals to
CD4+ T-cells, enhancing Th-cell priming and CD8 cytotoxic
T-cell priming; leading to favorable therapeutic activity pro-
files in vivo (2-7). Results from a Tucaresol Phase I/1I pilot
study in HIV-positive patients show an increase in CD4+
counts, increase in cytotoxic effector T lymphocytes (CD8+/
28-/45RA/57+), increase in HIV-specific CD8+, increase in
IFN-JO and increase in perforin-producing cells, while
leaving HIV viraemia unaffected (6). Unfortunately,
Tucaresol-related serious adverse events were observed in
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two patients (2/21) after the first dose and in patients that were
viraemic when commencing treatment (6). Unnecessarily
large concentrations of Tucaresol must be administered to
elicit an efficacious response, as the physiological environ-
ment in vivo (pH=7.4) provides an unfavorable setting for
rapid Schift base formation between the Tucaresol aldehyde
and T-cell amine to occur. The slow rate of Schiff base for-
mation at T-cell amines and rapid clearance of small mol-
ecules by the renal system results in the majority of Tucaresol
being unreacted and wasted (2,3). It would be advantageous
to accelerate the rate of Schiff base formation in order to
mitigate the dose of Tucaresol required for efficacy, and
decrease the likelihood of adverse effects.

Carbonyl containing moieties are also useful for cosmetic
applications. As another non-limiting example, reducing sug-
ars including, but not limited to, dihydroxyacetone (DHA)
and erythrulose are useful to impart a “tanned appearance” on
the skin, and widely used in sunless tanning applications. In
these applications, the reducing sugar forms a Schift base
adduct with amines of the skin and undergoes subsequent
Maillard type reactions to form brown colored compounds
that are responsible for the tanned appearance that is associ-
ated with sunless tanners. Ketoses containing greater than 5
carbons, and aldoses containing greater than 4 carbons exist
predominantly in the cyclic, unreactive form and react kineti-
cally slow with proteins of the skin. As such, their utility in
sunless tanning preparations is extremely limited.

The physiological environment in vivo can limit the prac-
tical utility of said carbonyl molecules as physiological con-
ditions provide an unfavorable setting for rapid Schiff base
formation between a carbonyl (ketone or aldehyde) and endo-
biotic biological amine to occur. As the kinetics of Schiff base
formation at endobiotic amines is slow and small molecules
are rapidly cleared by the renal system or washed away from
the skin/hair/nails, the majority of said aldehyde or ketone
can remain unreacted and wasted. It would be advantageous
to accelerate the rate of Schiff base formation with endobiotic
amines and herein we provide a method to do so.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides for novel
antisickling compounds, and their pharmacologically accept-
able salts, that are based on transimination nucleophilic cata-
lysts (herein termed “catalyst(s)”). The compounds are imi-
nes that are formed by reacting said catalyst with an aldehyde
or ketone-containing molecule (herein termed “carbonyl
molecule”). The resultant imines have a pKa that is only ~2
units below that of the free amine, and consequently are
significantly protonated under physiological conditions. As
such, the imine compounds are reactive electrophiles that
react with hemoglobin at kinetically fast rates, and at low
concentrations.

In another aspect, the present invention provides for a
method to increase the rate of reaction between hemoglobin
and a carbonyl molecule that binds hemoglobin to alter its
allosteric activity. In this aspect, the catalyst is co-adminis-
tered with the carbonyl molecule to increase the rate of reac-
tion between said carbonyl molecule and hemoglobin. In a
living system, as the rate of reaction between said carbonyl
molecule and hemoglobin is increased, the effective concen-
tration of the carbonyl molecule required to ligate a given
amount of hemoglobin is decreased. In this aspect, the
method may be used to decrease the concentration of carbo-
nyl molecule required for efficacy and mitigate any toxic
effects associated with the carbonyl molecule.

10

15

20

25

30

35

40

45

50

55

60

65

4

In another aspect, the present invention provides for novel
antisickling compounds, and their pharmacologically accept-
able salts, that are based on pyridoxamine and pyridoxamine
phosphate. The compounds are imines that are formed by
reacting pyridoxamine or pyridoxamine phosphate with an
aldehyde or ketone-containing molecule (herein termed “car-
bonyl molecule”). The resultant imines are particularly stable
to hydrolysis and highly reactive to transimination with an
endobiotic biological amine. This enhanced reactivity is
attributed to the physicochemical properties of the pyri-
dinium pharmacophore (13-17) and the net positive charge on
the imine, which results from intramolecular hydrogen bond-
ing to the phenol that is present ortho to the imine.

In another aspect, the present invention provides for a
method to increase the rate of reaction between hemoglobin
and a carbonyl molecule that binds hemoglobin to alter its
allosteric activity. In this aspect, the pyridoxamine or pyri-
doxamine phosphate is co-administered with the carbonyl
molecule to increase the rate of reaction between said carbo-
nyl molecule and hemoglobin. In a living system, as the rate
of reaction between said carbonyl molecule and hemoglobin
is increased, the effective concentration of the carbonyl mol-
ecule required to ligate a given amount of hemoglobin is
decreased. In this aspect, the method may be used to decrease
the concentration of carbonyl molecule required for efficacy
and mitigate any toxic effects associated with the carbonyl
molecule.

In another aspect, the present invention provides for novel
immunomodulator compounds, and their pharmacologically
acceptable salts, that are based on transimination nucleo-
philic catalysts (herein termed “catalyst”). The compounds
are imines that are formed by reacting said catalyst with an
aldehyde or ketone-containing molecule (herein termed “car-
bonyl molecule”). The resultant imines have a pKa that is
only ~2 units below that of the free amine, and consequently
is significantly protonated under physiological conditions. As
such, the imine compounds are reactive electrophiles that
react with their endobiotic biological target at kinetically fast
rates, and at low concentrations.

In another aspect, the present invention provides for a
method to increase the rate of reaction between an endobiotic
biological amine and a carbonyl molecule that modulates
immune response through Schiff base interactions with bio-
logical amines. In this aspect, the catalyst is co-administered
with the carbonyl molecule to increase the rate of reaction
between said carbonyl molecule and a biological amine ofthe
immune system. In a living system, as the rate of reaction
between said carbonyl molecule and said amine is increased,
the effective concentration of the carbonyl molecule required
to ligate a given amount of biological amine is decreased. In
this aspect, the method may be used to decrease the concen-
tration of carbonyl molecule required for efficacy and miti-
gate any toxic effects associated with the carbonyl molecule.
Preferred carbonyl molecules of this aspect include Tucaresol
(4(2-formyl-3-hydroxy-phenoxymethyl) benzoic acid), Iso-
tucaresol and derivatives of Tucaresol and Isotucaresol.

In another aspect, the present invention provides for novel
adjuvants, and their pharmacologically acceptable salts, that
are based on transimination nucleophilic catalysts (herein
termed “catalyst”, a “radical” of said catalyst being that
which forms an imine moiety with a corresponding carbonyl
compound). The adjuvants are imines that are formed by
reacting said catalyst with saponins or saponin derivatives.
Preferred saponins include natural or synthetic versions of
Quillaja saponaria, specifically fraction QS-21. The catalyst
is reacted with the triterpene aldehyde to create an imine that
is significantly protonated under physiological conditions. As
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such, the imine compounds are reactive electrophiles that
react with their endobiotic biological target at kinetically fast
rates, and at low concentrations

In another aspect, the present invention provides for a
method to increase the rate of reaction between an endobiotic
biological amine and an aldehyde or ketone-containing adju-
vant. In this aspect, the catalyst is co-administered with the
adjuvantto increase the rate of reaction between said adjuvant
and a biological amine of the immune system. In a living
system, as the rate of reaction between said adjuvant and said
amine is increased, the effective concentration of the adjuvant
required to ligate a given amount of biological amine is
decreased. In this aspect, the method may be used to decrease
the concentration of adjuvant required for efficacy and miti-
gate any toxic effects associated with the adjuvant, or to
increase the activity of said adjuvant at a given concentration.
Preferred adjuvants of this aspect include saponins, saponin
derivatives, and natural and synthetic derivatives of Quillaja
saponaria fractions.

In another aspect, the present invention provides for a
method to increase the rate of reaction between an endobiotic
biological amine of the skin, hair or nails and a reducing
sugar. In this aspect, the catalyst is co-administered with the
reducing sugar to increase the rate of reaction between said
sugar and a biological amine of the skin, hair or nails. This
method is particularly useful to increase the rate of appear-
ance of a faux tan in sunless tanning products.

Preferred catalysts include those that are safe for use in
mammals or on mammalian skin, hair or nails and include,
but are not limited to, aniline derivatives and more specifi-
cally p-aminobenzoic acid (PABA), C,-C,, esters of PABA,
p-aminohipporic acid (PAHA), C,-C,, esters of PAHA,
o-aminobenzoic acid (OABA), C,-C,, and esters of OABA,
2-amino phenols, 4-amino-3-hydroxybenzoic acid, C,-C,,
esters of 4-amino-3-hydroxybenzoic. Other preferred classes
of catalyst include pyridoxamine, pyridoxamine-5-phos-
phate, proline, peptides with N-terminal prolines, an option-
ally substituted imidazolidinone (optionally substituted with
oneortwo C,-C; alkyl groups), and other primary, secondary,
and aromatic amines with unusually low pKa values (i.e. a
pK, of less than 6.0, preferably less than about 5.5, less than
about 5.0, less than about 4.5, less than about 4.0).

Preferred carbonyl molecules include, but are not limited
to; aldehyde and ketone containing molecules that shift the
allosteric equilibrium of hemoglobin to the high oxygen
affinity state; small molecule immunomodulators that form
Schiff base adducts with biological amines of the immune
system including, but not limited to, Tucaresol, Isotucaresol
and derivatives of Tucaresol and Isotucaresol; adjuvants that
form Schiff base adducts with biological amines of the
immune system including, but not limited to, saponin deriva-
tives, natural and synthetic versions of QS-21, and synthetic
versions of QS-21 that retain an aldehyde. Said carbonyl
molecules additionally include, but are not limited to, 5-hy-
droxymethyl-2-furfuraldehyde (SHMF), 5-ethyl-2-furfural-
dehyde (S5EF), 5-methyl-2-furfuraldehyde (SMF), 2-furfural-
dehyde (FUF), benzaldehyde, salicylaldehyde,
3-hydroxybenzaldehyde, 4-hydroxybenzaldehyde, o-anisal-
dehyde, m-anisaldehyde, p-anisaldehyde, 2-carboxybenzal-
dehyde, 4-carboxybenzaldehyde, 2-chlorobenzaldehyde,
4-cyanobenzaldehyde, 4-dimethylaminobenzaldehyde, Heli-
cin, 2,3-dihydroxybenzaldehyde, 2,4-dihydroxybenzalde-
hyde, o-vanillin, 5-nitrosalicylaldehyde, 3,4-dihydroxyben-

zaldehyde, vanillin, isovanillin, veratraldehyde, trans-
cinnamaldehyde,  pyridoxal,  pyridoxal  phosphate,
valeraldehyde, cyclohexanecarboxaldehyde, glyceralde-
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6
hyde, glucose, fructose, 2-hydroxyacetophenone, Tucerasol,
Isotucaresol, QS-21-Api, QS-21-Xyl, and others.

The authors have surprisingly found that the imines,
formed by reacting said catalysts with said carbonyl mol-
ecules, can be isolated under controlled conditions in the
laboratory and that these imine compounds are surprisingly
stable to hydrolysis and exhibit unique chemical and thera-
peutic advantages.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows ex vivo AIC experiments. Graph showing the
percent SHMF/HbS adduct formed in whole blood from a
BERKyYM mouse. 5 mM AIC or 5 mM SHMF was used for
these experiments. The AIC forms SHMF/HbS Schiff base
adducts at significantly enhanced rates.

FIG. 2 shows the Mixing of PABA and SHMF ex vivo.
Graph showing the percent of SHMF/HbS adduct formed in
whole blood taken from a BERKyM mouse in the presence of
2 mM SHMF (red), 2 mM SHMF+2 mM PABA (green), 5
mM SHMF (purple) or 5 mM SHMF+5 mM PABA. The
amount of SHMF/HbS adduct formed is significantly
increased in the presence of equimolar PABA.

FIG. 3 shows the In vivo intravenous administration of
SHMF (red bars) or PABA and SHMF (blue bars). All reagent
concentrations were 200 mg/kg. Mice injected with SHMF
alone were lethargic and exhibited noticeable changes in
behavior, while mice injected with PABA/SHMF behaved as
normal.

FIG. 4 shows the synthesis of Tucaresol and AIC-4423.
The following conditions were used in the synthesis: (i)
AICI3/Benzene 5 h, (ii) methyl 4-(bromomethyl) benzoate,
Cs,CO;, anhydrous DMF, (iii) 1M NaOH (aq), (iv) p-ami-
nobenzoic acid/anhydrous EtOH.

FIG. 5 shows a competitive binding assay demonstrating
the influence of 1 mM PABA to accelerate the rate of Schiff
base adduct formation between T-cell surface amines and
Tucaresol. The mean fluorescence intensity is inversely pro-
portional to the rate and degree of Tucaresol/T-cell adduct
formation. As expected, mixtures of 1 mM PABA and 500 uM
Tucaresol (red, right) significantly decreased the mean fluo-
rescence intensity of the T-cells, as compared to incubation
with 500 pM Tucaresol alone (blue, middle) and the T-cell
control experiment (orange, left) where no Tucaresol was
incubated with the T-cells.

FIG. 6 shows (A) Qualitative assessment of the rate of
melanoidin formation in solutions of glycine (6%) and DHA
(6%) over time, in the presence (+) or absence (-) of 1%
PABA. (B) Quantitative evaluation of the increase in absor-
bance at 450 nm of solutions of glycine (6%) and DHA (6%)
in the presence (+) or absence (-) of 1% PABA. (C) UV-Vis
spectrum showing the changes in absorbance (measured
every 15 min) from 350-700 nm over time. All experiments
were conducted at 32° C.

FIG. 7 shows a qualitative assessment of the rate of mel-
anoidin formation in vivo under (A) natural light and (B) UV
light, in the presence (+) or absence (-) 0f0.25% PABA (t=65
min). Melanoidins appear faster using the +PABA formula
and the emission appears to be red-shifted as compared to the
area where the ~-PABA formula was applied.

FIG. 8. Table 2. (Left Table). Table showing the percent
SHMF/HbA adduct in the presence of 1 mM AIC or 1 mM
SHMF. The AIC forms SHMF/HbA adducts at significantly
enhanced rates. (Right). Representative cation exchange
HPLC chromatogram (410 nm) of hemoglobin that had been
incubated with the AIC or SHMF. A new peak corresponding
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to the SHMFE/HbA adduct elutes at ~7.1 minutes. Unmodified
hemoglobin elutes at ~8.2 min.

DETAILED DESCRIPTION OF THE INVENTION

The following terms shall be used to describe the present
invention. In instances where a term is not provided with a
specific definition herein, the common definition of a term
given by those of ordinary skill within the context of the
term’s use is to be used to describe the invention.

When describing the invention, which may include com-
pounds, pharmaceutical compositions containing such com-
pounds and methods of using such compounds and compo-
sitions, the following terms, if present, have the following
meanings unless otherwise indicated. It should also be under-
stood that when described herein any of the moieties defined
forth below may be substituted with a variety of substituents,
and that the respective definitions are intended to include such
substituted moieties within their scope as set out below.
Unless otherwise stated, the term “substituted” is to be
defined as set out below. It should be further understood that
the terms “groups™ and “radicals” can be considered inter-
changeable when used herein.

The articles “a” and “an” may be used herein to refer to one
or to more than one (i.e. at least one) of the grammatical
objects of the article. By way of example “an analogue”
means one analogue or more than one analogue.

The term “compound” is used to describe any specific
chemical compound disclosed herein. Within its use in con-
text, the term generally refers to a single compound, but in
certain instances may also refer to stereoisomers and/or opti-
cal isomers (including enantiopure compounds, enantiomeri-
cally enriched compounds and racemic mixtures) of dis-
closed compounds, as well as pharmaceutically acceptable
salts, enantiomers, solvates and polymorphs thereof.

The term “target” is used to describe endobiotic biological
amines of a living system. More specifically, it refers to
biological amines of a mammalian system. These amines are
nucleophilic sites of chemical attachment for a variety of
aldehyde or ketone-containing moieties.

The term “co-administration” is used to describe the co-
delivery of two or more molecules, in that both molecules are
present in a mammal at the same time. The term “co-admin-
istration” is not limited to simultaneous delivery or delivery
by the same route. For example, the catalyst and carbonyl
molecule may be delivered by different methods (oral, intra-
peritoneal, intravenous, etc) at different times depending on
the bioavailability and the pharmacokinetics of each mol-
ecule. In the present invention, the co-administration of a
transimination nucleophilic catalyst and a carbonyl com-
pound in a number of method/treatment aspects of the present
invention may be utilized or even preferred, including for the
treatment of cancer and/or HIV infections.

The term “carbonyl molecule” is used to describe an
organic molecule that contains an aldehyde or ketone func-
tional group.

The term “catalyst” is used to describe a transimination
nucleophilic catalyst (also referred to in the literature as an
iminium catalyst, or nucleophilic catalyst), either molecular
or polymeric. More specifically, a molecule or polymer con-
taining a primary or secondary amine that may condense with
an aldehyde or ketone to form an imine that is significantly
protonated under physiological conditions. The protonated
imine is referred to as an “iminium cation” and is more
susceptible to nucleophilic attack then the carbonyl molecule.
A broad range of reactions including, but not limited to,
transimination (trans-Schiffization) cycloadditions, nucleo-
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philic additions, enamine formation and retroaldol reactions
can be catalyzed using said catalyst. A of catalysts can be
found in Chem. Rev.,, 2007, 107 (12), 5416-5470.

The term “subject” is used to describe an animal, prefer-
ably a mammal (especially a human, pet, domesticated ani-
mal, etc.) capable of advantageously using compositions
according to the present invention.

The term “pharmaceutically acceptable salt” of a com-
pound, such as those contemplated in the current invention, is,
forexample, asalt of an acid, such as a carboxylate salt having
as a counter ion, an inorganic cation such as sodium, potas-
sium, magnesium, ammonium, etc., or the salt of a base, such
as an ammonium salt having as counter ion an inorganic anion
such as chloride, bromide, iodide, sulfate, sulfite, nitrate,
nitrite, phosphate, and the like, or an organic anion such as a
carboxylate, including acetate, malonate, pyruvate, propi-
onate, fumarate, cinnamate, tosylate, and the like. In certain
aspects of the invention, in order to promote the stability of
the iminium compound, the compound formed as a zinc salt
may be used to enhance stability of the iminium compound.

The term “personal care composition” or “personal care
product” is used to describe a chemical composition used for
the purpose of cleansing, conditioning, grooming, beautify-
ing, or otherwise enhancing the appearance of the human
body. Personal care products include skin care products, cos-
metic products, antiperspirants, deodorants, perfume, toilet-
ries, soaps, bath oils, feminine care products, hair-care prod-
ucts, oral hygiene products, depilatories, including
shampoos, conditioners, hair straightening products and
other haircare products, color cosmetics such as lipstick,
creams, make-up, skin creams, lotions (preferably comprised
of water-in-oil or oil-in-water emulsions), shave creams and
gels, after-shave lotions and shave-conditioning composi-
tions and sunscreen products, among numerous others. In
preferred aspects, personal care compositions according to
the present invention include make-up, lipstick, skin creams
(to hide skin imperfections and/or to promote anti-wrinkling)
and other skin-care products.

The term “effective” is used to describe an amount of a
component or composition, which is used or is included in a
formulation or composition within context, to produce an
intended effect.

The term “isolated” refers to a compound which in a sub-
stantially pure state which has been separated from reaction
products, solvents and/or other components which are used to
synthesize or provide the product and/or solvents or other
components. Isolated compounds according to the present
invention which are isolatable and isolated are also stable, i.e.
they may be in existence for more than a transitory period and
often may be stored stably for periods of time, including long
duration and further formulated into pharmaceutical compo-
sitions for administration or patients and subjects as other-
wise described herein. It is noted that in using the term stable
to describe compounds according to the present invention,
zinc salts of the present invention as well as compounds
which are stabilized using effective amounts of cyclodextrin
(alpha cyclodextrin, beta cyclodextrin, hydroxypropyl-beta
cyclodextrin, gamma cyclodextrin) and other sugars (e.g. tre-
halose, mannitol), among others.

The term “substantially pure” refers to the purity of a
compound according to the present invention or a component
which is used to provide a compound or composition accord-
ing to the present invention, generally a purity of at least about
85%, at least about 90%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, at least about
99%, at least about 99.5%, at least about 99.8%, at least about
99.9% or more.
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The term “emulsion”, “water-in-oil emulsion” or “oil-in-
water emulsion”, are used throughout the specification to
describe certain personal care compositions according to the
present invention. An “emulsion” according to the present
invention is advantageously a cream or lotion (especially a
skin cream or skin lotion) which is generally formed by the
suspension of a very finely divided liquid, in this case water,
in another liquid, in this case, an oil. In the present invention,
an emulsion is formed when the water phase is compatabi-
lized in the oil phase, such that the water phase becomes
“hidden” within the oil phase. Alternatively, an emulsion also
may be formed when the oil phase is compatabilized in the
water phase, such that the oil phase is “hidden” within the
water phase. The term emulsion is used to distinguish the
present compositions from compositions which contain at
least two visually distinct phases, i.e., an oil phase and a water
phase. Emulsions can be used to provide a number of personal
care formulations including skin creams, skin lotions, color
cosmetics, conditioners, shampoo formulations, etc.

The term “oil” is used throughout the specification to
describe any of various lubricious, hydrophobic and combus-
tible substances obtained from animal, vegetable and mineral
matter. Oils for use in the present invention may include
petroleum-based oil derivatives such as purified petrolatum
and mineral oil. Petroleum-derived oils include aliphatic or
wax-based oils, aromatic or asphalt-based oils and mixed
base oils and may include relatively polar and non-polar oils.
“Non-polar” oils are generally oils such as petrolatum or
mineral oil or its derivatives which are hydrocarbons and are
more hydrophobic and lipophilic compared to synthetic oils,
such as esters, which may be referred to as “polar” oils. It is
understood that within the class of oils, that the use of the
terms “non-polar” and “polar” are relative within this very
hydrophobic and lipophilic class, and all of the oils tend to be
much more hydrophobic and lipophilic than the water phase
which is used in the present invention.

In addition to the above-described oils, certain essential
oils derived from plants such as volatile liquids derived from
flowers, stems and leaves and other parts of the plant which
may include terpenoids and other natural products including
triglycerides may also be considered oils for purposes of the
present invention.

Petrolatum (mineral fat, petroleum jelly or mineral jelly)
and mineral oil products for use in the present invention may
be obtained from a variety of suppliers. These products may
range widely in viscosity and other physical and chemical
characteristics such as molecular weight and purity. Preferred
petrolatum and mineral oil for use in the present invention are
those which exhibit significant utility in cosmetic and phar-
maceutical products and are “cosmetically compatible”. Cos-
metic grade oils are preferred oils for use in the present
invention.

Additional oils for use in the present invention may
include, for example, mono-, di- and tri-glycerides which
may be natural or synthetic (derived from esterification of
glycerol and at least one organic acid, saturated or unsatur-
ated, such as for example, such as butyric, caproic, palmitic,
stearic, oleic, linoleic or linolenic acids, among numerous
others, preferably a fatty organic acid, comprising between 8
and 26 carbon atoms). Glyceride esters for use in the present
invention include vegetable oils derived chiefly from seeds or
nuts and include drying oils, for example, linseed, iticica and
tung, among others; semi-drying oils, for example, soybean,
sunflower, safflower and cottonseed oil; non-drying oils, for
example castor and coconut oil; and other oils, such as those
used in soap, for example palm oil. Hydrogenated vegetable
oils also may be used in the present invention. Animal oils are
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also contemplated for use as glyceride esters and include, for
example, fats such as tallow, lard and stearin and liquid fats,
such as fish oils, fish-liver oils and other animal oils, includ-
ing sperm oil, among numerous others. In addition, a number
of other oils may be used, including C,, to C;, (or higher)
fatty esters (other than the glyceride esters, which are
described above) or any other acceptable cosmetic emollient.

In certain embodiments, oils for use in the present inven-
tion include petrolatum, mineral oil or mixtures of petrolatum
and mineral oil where the amount of petrolatum to mineral oil
(on a weight/weight basis) ranges from about 1:20 to about
10:1, about 1:5to about 5:1, about 1:3 to about 1:1, depending
upon the end use of the emulsion composition. The inclusion
of'petrolatum and/or mineral oil and/or the ratio of petrolatum
to mineral oil in the present compositions will greatly influ-
ence the final viscosity of the emulsions and personal care
compositions according to the present invention.

“R” substituents in the present invention may or may not be
identical on the same molecule. Selection of “R” groups is
dependent upon desired chemical and physical properties of
said catalyst, and may change with application, as one of
ordinary skill will readily recognize. Preferred “R” substitu-
ents other than hydrogen include, but are not limited to,
C,-Cy, (e.g., C,-C,,, preferably C,-Cyalkyl, C,-C;, (e.g.,
C,-C,,, preferably C,-Cylalkenyl, phenyl, C,-C;, (e.g.,
C,-C,s, preferably C,-C,,)aralkyl, C,-C;, (e.g., C,-Cys,
preferably C-C,,)aralkenyl, hydroxy, C,-C;, (e.g., C,-C,,,
preferably C,-C)hydroxyalkyl, C,-C,, (e.g., C,-C,,, prefer-
ably C,-Cy)alkoxy, C,-C,, (e.g., C,-C,,, preferably C,-Cy)
alkoxyalkyl, C.,-C,;, (e.g., C,-C,s, preferably C.-C,,)
aralkoxy, C,-C;, (e.g., C,-C,,, preferably C,-Cy)acyloxy,
halo, C,-C,, (e.g., C,-C,,, preferably C,-C)haloalkyl, nitro,
amino, mono- and di-alkylamino wherein said alkyl is a
C,-Cy, (e.g., C,-C,,, preferably C,-Cy) alkyl, C,-C;) (e.g.,
C,-C,,, preferably C,-Cy)acylamino, carboxy, C,-C;, (e.g.,
C,-C,,, preferably C,-Cy)carboxyalkyl, C,-C;, (e.g.,
C,-C,,, preferably C,-C)carbalkoxy, C,-C,, (e.g., C,-Cy5,
preferably C,-C,,)carbaralkoxy, C;-C;, (e.g., C5-C,,, pref-
erably C;-Cy)carbalkoxyalkyl, C;-C;, (e.g., C5-C,,, prefer-
ably C;-Cy)carbalkoxyalkenyl, C,-C;, (e.g., C,-C,,, prefer-
ably C,-Cy)aminoalkoxy, amido, mono- and di-alkylamido
wherein said alkyl is a C,-C;, (e.g., C,-C,,, preferably
C,-Cy) alkyl and C,-C;, (e.g., C,-C,,, preferably C,-C,)N,
N-cycloalkylamido, phenyl, or benzoyl. R substituents may
contain functional groups such as carboxylic acids, poly
(alkoxy) ethers, quaternary ammonium salts, and reactive
functional groups.

“Alkyl” means a saturated C,-C,, (e.g., C,-C, 5, preferably
C,-Cy)aliphatic hydrocarbon, or a partially unsaturated ali-
phatic hydrocarbon, either branched-, straight-chained or
cyclic. Preferred “loweralkyl” (C,-C,,, preferably C,-Cy)
groups are branched, such as t-butyl and isopentyl. Preferred
cyclic alkyl groups are C;-Cg, or C5-Cy4 cyclic groups, or
preferably cyclopentanate chains of C4-C;5 long. “Alkoxy”
refers to a C,-C;, (e.g., C,-C,,, preferably C,-Cy) alkyl-O-
group. Preferred alkoxy groups are chosen from the list of
fatty alcohols such as carpryl alcohol, 2-ethyl hexanol, dode-
canol, myristyl alcohol, cetyl alcohol, palmitoleyl alcohol,
isostearyl alcohol, stearyl alcohol, elaidyl alcohol, oleyl alco-
hol, linoleyl alcohol, elaidolinoleyl alcohol, linolenyl alco-
hol, elaidolinolenyl alcohol, riconoleyl alcohol, arachidyl
alcohol, behenyl alcohol, erucyl alcohol, lignoceryl alcohol,
sterol, ceryl alcohol, montanyl alcohol, myricyl alcohol, and
geddyl alcohol. “Poly(alkoxy)” refers to linear alcohol ethers
such as polyethylene glycol, having from 2 to 1000 or pref-
erably 2 to 100 ethylene glycol (alkoxy) units. “Aryloxy”
refersto a C4-C; aryl-O-group. The preferred aryloxy groups
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are phenoxy and naphthoxy. “Aralkyl” means an alkyl group
substituted by an aryl radical, preferably a C.-C, aralkyl.

The term “personal care composition” or “personal care
product” is used to describe a chemical composition used for
the purpose of cleansing, conditioning, grooming, beautify-
ing, or otherwise enhancing the appearance of the human
body. Personal care products include skin care products, cos-
metic products, antiperspirants, deodorants, perfume, toilet-
ries, soaps, bath oils, feminine care products, hair-care prod-
ucts, oral hygiene products, depilatories, including
shampoos, conditioners, hair straightening products and
other hair care products, color cosmetics such as lipstick,
creams, make-up, skin creams, lotions (preferably comprised
of water-in-oil or oil-in-water emulsions), shave creams and
gels, after-shave lotions and shave-conditioning composi-
tions and sunscreen products, among numerous others. In
preferred aspects, personal care compositions according to
the present invention include make-up, lipstick, skin creams
(to hide skin imperfections and/or to promote anti-wrinkling)
and other skin-care products.

The term “effective” is used to describe an amount of a
component or composition that is used or is included in a
formulation or composition within context, to produce an
intended effect.

The term “cancer” is used to describe the pathological
process that results in the formation and growth of a cancer-
ous or malignant neoplasm, i.e., abnormal tissue that grows
by cellular proliferation, often more rapidly than normal and
continues to grow after the stimuli that initiated the new
growth cease. Malignant neoplasms show partial or complete
lack of structural organization and functional coordination
with the normal tissue and most invade surrounding tissues,
metastasize to several sites, and are likely to recur after
attempted removal and to cause the death of the patient unless
adequately treated. As used herein, the term neoplasia is used
to describe all cancerous disease states and embraces or
encompasses the pathological process associated with malig-
nant hematogenous, ascitic and solid tumors. Representative
cancers include, for example, squamous-cell carcinoma,
basal cell carcinoma, adenocarcinoma, hepatocellular carci-
nomas, and renal cell carcinomas, cancer of the bladder,
bowel, breast, cervix, colon, esophagus, head, kidney, liver,
lung, neck, ovary, pancreas, prostate, and stomach; leuke-
mias; benign and malignant lymphomas, particularly Bur-
kitt’s lymphoma and Non-Hodgkin’s lymphoma; benign and
malignant melanomas; myeloproliferative diseases; sarco-
mas, including Ewing’s sarcoma, hemangiosarcoma, Kapo-
si’s sarcoma, liposarcoma, myosarcomas, peripheral neu-
roepithelioma, synovial sarcoma, gliomas, astrocytomas,
oligodendrogliomas, ependymomas, gliobastomas, neuro-
blastomas, ganglioneuromas, gangliogliomas, medulloblas-
tomas, pineal cell tumors, meningiomas, meningeal sarco-
mas, neurofibromas, and Schwannomas; bowel cancer, breast
cancer, prostate cancer, cervical cancer, uterine cancer, lung
cancer, ovarian cancer, testicular cancer, thyroid cancer,
astrocytoma, esophageal cancer, pancreatic cancer, stomach
cancer, liver cancer, colon cancer, melanoma; carcinosar-
coma, Hodgkin’s disease, Wilms’ tumor and teratocarcino-
mas, among others, which may be treated by the methods of
treatment of the invention.

The term “traditional anti-cancer agent” is used to describe
a compound other than those of the present invention which
may be combined with a GTPase inhibitor as otherwise
described herein for the treatment of cancer. Exemplary anti-
cancer agents which may be used in the present invention
include, everolimus, trabectedin, abraxane, TLK 286,
AV-299, DN-101, pazopanib, GSK690693, RTA 744, ON
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0910.Na, AZD 6244 (ARRY-142886), AMN-107, TKI-258,
GSK461364, AZD 1152, enzastaurin, vandetanib, ARQ-197,
MK-0457, MLN8054, PHA-739358, R-763, AT-9263, a
FLT-3 inhibitor, a VEGFR inhibitor, an EGFR TK inhibitor,
an aurora kinase inhibitor, a PIK-1 modulator, a Bcl-2 inhibi-
tor, an HDAC inhibitor, a c-MET inhibitor, a PARP inhibitor,
a Cdk inhibitor, an EGFR TK inhibitor, an IGFR-TK inhibi-
tor, an anti-HGF antibody, a PI3 kinase inhibitors, an AKT
inhibitor, a JAK/STAT inhibitor, a checkpoint-1 or 2 inhibitor,
a focal adhesion kinase inhibitor, a Map kinase kinase (mek)
inhibitor, a VEGF trap antibody, pemetrexed, erlotinib, dasa-
tanib, nilotinib, decatanib, panitumumab, amrubicin, orego-
vomab, Lep-etu, nolatrexed, azd2171, batabulin, ofatu-
mumab, zanolimumab, edotecarin, tetrandrine, rubitecan,
tesmilifene, oblimersen, ticilimumab, ipilimumab, gossypol,
Bio 111, 131-I-TM-601, ALT-110, BIO 140, CC 8490, cilen-
gitide, gimatecan, I1.13-PE38QQR, INO 1001, IPdR; KRX-
0402, lucanthone, LY 317615, neuradiab, vitespan, Rta 744,
Sdx 102, talampanel, atrasentan, Xr 311, romidepsin, ADS-
100380, sunitinib, S-fluorouracil, vorinostat, etoposide, gem-
citabine, gleevac, doxorubicin, liposomal doxorubicin,
5'-deoxy-5-fluorouridine, vincristine, temozolomide,
ZK-304709, seliciclib; PD0325901, AZD-6244, capecitab-
ine, L-Glutamic acid, N-[4-[2-(2-amino-4,7-dihydro-4-oxo-
1H-pyrrolo[2,3-d]pyrimidin-5-yl)ethyl|benzoyl]-, disodium
salt, heptahydrate, camptothecin, PEG-labeled irinotecan,
tamoxifen, toremifene citrate, anastrazole, exemestane, letro-
zole, DES(diethylstilbestrol), estradiol, estrogen, conjugated
estrogen, bevacizumab, IMC-1C11, CHIR-258,); 3-[5-(me-
thylsulfonylpiperadinemethyl)-indolylj-quinolone, vata-
lanib, AG-013736, AVE-0005, the acetate salt of [ D-Ser(Bu t)
6,Azgly 10] (pyro-Glu-His-Trp-Ser-Tyr-D-Ser(But)-Leu-
Arg-Pro-Azgly-NH, acetate [C;oHg,N,,01, —(C,H,0,),
where x=1 to 2.4], goserelin acetate, leuprolide acetate, trip-
torelin pamoate, medroxyprogesterone acetate, hydrox-
yprogesterone caproate, megestrol acetate, raloxifene,
bicalutamide, flutamide, nilutamide, megestrol acetate,
CP-724714; TAK-165, HKI-272, erlotinib, lapatanib, caner-
tinib, ABX-EGF antibody, erbitux, EKB-569, PKI-166,
GW-572016, lonafarnib, BMS-214662, tipifarnib; amifos-
tine, NVP-LLAQ824, suberoyl analide hydroxamic acid, val-
proic acid, trichostatin A, FK-228, SU11248, sorafenib,
KRNO951, aminoglutethimide, amsacrine, anagrelide, [.-as-
paraginase, Bacillus Calmette-Guerin (BCG) vaccine, bleo-
mycin, buserelin, busulfan, carboplatin, carmustine,
chlorambucil, cisplatin, cladribine, clodronate, cyproterone,
cytarabine, dacarbazine, dactinomycin, daunorubicin, dieth-
ylstilbestrol, epirubicin, fludarabine, fludrocortisone, flu-
oxymesterone, flutamide, gemcitabine, gleevac, hydrox-
yurea, idarubicin, ifosfamide, imatinib, leuprolide,
levamisole, lomustine, mechlorethamine, melphalan, 6-mer-
captopurine, mesna, methotrexate, mitomycin, mitotane,
mitoxantrone, nilutamide, octreotide, oxaliplatin, pamidr-
onate, pentostatin, plicamycin, porfimer, procarbazine, ralti-
trexed, rituximab, streptozocin, teniposide, testosterone, tha-
lidomide, thioguanine, thiotepa, tretinoin, vindesine, 13-cis-
retinoic acid, phenylalanine mustard, uracil mustard,
estramustine, altretamine, floxuridine, S5-deooxyuridine,
cytosine arabinoside, 6-mecaptopurine, deoxycoformycin,
calcitriol, valrubicin, mithramycin, vinblastine, vinorelbine,
topotecan, razoxin, marimastat, COL-3, neovastat, BMS-
275291, squalamine, endostatin, SU5416, SU6668,
EMD121974, interleukin-12, IM862, angiostatin, vitaxin,
droloxifene, idoxyfene, spironolactone, finasteride, cimiti-
dine, trastuzumab, denileukin diftitox, gefitinib, bortezimib,
paclitaxel, cremophor-free paclitaxel, docetaxel, epithilone
B, BMS-247550, BMS-310705, droloxifene, 4-hydroxyta-
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moxifen, pipendoxifene, ERA-923, arzoxifene, fulvestrant,
acolbifene, lasofoxifene, idoxifene, TSE-424, HMR-3339,
7K186619, topotecan, PTK787/ZK 222584, VX-745, PD
184352, rapamycin, 40-O-(2-hydroxyethyl)-rapamycin,
temsirolimus, AP-23573, RADO001, ABT-578, BC-210,
LY294002, 1Y292223, 1.Y292696, LY293684, LY293646,
wortmannin, ZM336372, 1.-779,450, PEG-filgrastim, darbe-
poetin, erythropoietin, granulocyte colony-stimulating fac-
tor, zolendronate, prednisone, cetuximab, granulocyte mac-
rophage colony-stimulating factor, histrelin, pegylated
interferon alfa-2a, interferon alfa-2a, pegylated interferon
alfa-2b, interferon alfa-2b, azacitidine, PEG-L-asparaginase,
lenalidomide, gemtuzumab, hydrocortisone, interleukin-11,
dexrazoxane, alemtuzumab, all-transretinoic acid, ketocona-
zole, interleukin-2, megestrol, immune globulin, nitrogen
mustard, methylprednisolone, ibritgumomab tiuxetan, andro-
gens, decitabine, hexamethylmelamine, bexarotene, tositu-
momab, arsenic trioxide, cortisone, editronate, mitotane,
cyclosporine, liposomal daunorubicin, Edwina-asparagi-
nase, strontium 89, casopitant, netupitant, an NK-1 receptor
antagonists, palonosetron, aprepitant, diphenhydramine,
hydroxyzine, metoclopramide, lorazepam, alprazolam, halo-
peridol, droperidol, dronabinol, dexamethasone, methylpred-
nisolone, prochlorperazine, granisetron, ondansetron, dolas-
etron, tropisetron, pegfilgrastim, erythropoietin, epoetin alfa,
darbepoetin alfa and mixtures thereof.

The term “human immunodeficiency virus” shall be used
to describe human immunodeficiency virus I (HIV 1 and 2),
the growth or replication of which may be inhibited or disease
states of which may be treated using one or more methods
according to the present invention. Viruses which may be
treated according to the present invention include, for
example, human immunodeficiency viruses 1 and 2 (HIV-1
and HIV-2), among others. The term HIV includes mutant
strains of HIV including “drug resistant” or “multiple drug
resistant” strains of the HIV virus which have mutated to be
resistant to one or more clinically approved anti-HIV agents,
including, in particular, HIV strains which are resistant to one
or more NRTI compounds and/or NNRTI compounds. Exem-
plary HIV drug resistant strains which may be effectively
treated using compounds according to the present invention
include the following, among others: (defined by RT muta-
tion)—XXBRU, K65R, Y115F, F116Y, Q151M, M184V,
L74V, V75T, 4X7ZT, T215Y, K103N, T215Y/M184V, 5705-
72, 488-101, C910-6, LAIM184V, G910-6 L1001, K101E,
K103N, V106A, D110E, V179D, Y181C, D18SE, DI86E,
Y188H, GI90E, E138K, M41L, D67N, K70R, T215Y/F,
K219Q/E, Y181C, K103N, L100I, Y188C/H among others.

The terms “ARC” and “AIDS” refer to syndromes of the
immune system caused by the human immunodeficiency
virus, which are characterized by susceptibility to certain
diseases and T cell counts which are depressed compared to
normal counts. HIV progresses from Category 1 (Asymptom-
atic HIV Disease) to Category 2 (ARC), to Category 3
(AIDS), with the severity of the disease.

A Category 1 HIV infection is characterized by the patient
or subject being HIV positive, asymptomatic (no symptoms)
and having never had fewer than 500 CD4 cells. If the patient
has had any of the AIDS-defining diseases listed for catego-
ries 2 (ARC) or 3 (AIDS), then the patient is not in this
category. If the patient’s t-cell count has ever dropped below
500, that patient is considered either Category 2 (ARC) or
Category 3 (AIDS).

A category 2 (ARC) infection is characterized by the fol-
lowing criteria: The patient’s T-cells have dropped below 500
but never below 200, and that patient has never had any
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Category 3 diseases (as set forth below) but have had at least
one of the following defining illnesses—
Bacillary angiomatosis
Candidiasis, oropharyngeal (thrush)
Candidiasis, vulvovaginal; persistent, frequent, or poorly
responsive to therapy
Cervical dysplasia (moderate or severe)/cervical carci-
noma in situ
Constitutional symptoms, such as fever (38.5 C) or diar-
rhea lasting longer than 1 month
Hairy leukoplakia, oral
Herpes zoster (shingles), involving at least two distinct
episodes or more than one dermatome
Idiopathic thrombocytopenic purpura
Listeriosis
Pelvic inflammatory disease, particularly if complicated
by tubo-ovarian abscess
Peripheral neuropathy
According to the U.S. government, in Category 2 ARC, the
immune system shows some signs of damage but it isn’t
life-threatening.
A Category 3 (AIDS) infection is characterized by the
following criteria:
The patient’s T-cells have dropped below 200 or
The patient has had at least one of the following defining
illnesses—
Candidiasis of bronchi, trachea, or lungs
Candidiasis, esophageal
Cervical cancer, invasive®*
Coccidioidomycosis, disseminated or extrapulmonary
Cryptococcosis, extrapulmonary
Cryptosporidiosis, chronic intestinal (greater than 1
month’s duration)
Cytomegalovirus disease (other than liver, spleen, or
nodes)
Cytomegalovirus retinitis (with loss of vision)
Encephalopathy, HIV-related
Herpes simplex: chronic ulcer(s) (greater than 1 month’s
duration); or bronchitis, pneumonitis, or esophagitis
Histoplasmosis, disseminated or extrapulmonary
Isosporiasis, chronic intestinal (greater than 1 month’s
duration)
Kaposi’s sarcoma
Lymphoma, Burkitt’s (or equivalent term)
Lymphoma, immunoblastic (or equivalent term)
Lymphoma, primary, of brain
Mycobacterium avium complex or M. kansasii, dissemi-
nated or extrapulmonary
Mycobacterium tuberculosis, any site (pulmonary** or
extrapulmonary)
Mycobacterium, other species or unidentified species, dis-
seminated or extrapulmonary
Pneumocystis carinii pneumonia
Pneumonia, recurrent™®*
Progressive multifocal leukoencephalopathy
Salmonella septicemia, recurrent
Toxoplasmosis of brain
Wasting syndrome due to HIV
The term “traditional anti-HIV agent” refers to a com-
pound which may be administered with one or more com-
pounds according to the present invention, and includes anti-
HIV agents such as nucleoside reverse transcriptase
inhibitors (NRTI), non-nucleoside reverse transcriptase
inhibitors, protease inhibitors, fusion inhibitors, among oth-
ers, exemplary compounds of which may include, for
example, 3TC (Lamivudine), AZT (Zidovudine), (-)-FTC,
ddI (Didanosine), ddC (zalcitabine), abacavir (ABC), teno-
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fovir (PMPA), D-D4FC (Reverset), D4T (Stavudine),
Racivir, L-FddC, L-FD4C, NVP (Nevirapine), DLV (Delavir-
dine), EFV (Efavirenz), SQVM (Saquinavir mesylate), RTV
(Ritonavir), IDV (Indinavir), SQV (Saquinavir), NFV (Nelfi-
navir), APV (Amprenavir), LPV (Lopinavir), fusion inhibi-
tors such as T20, among others, fuseon and mixtures thereof,
including anti-HIV compounds presently in clinical trials or
in development.

The term “emulsion”, “water-in-oil emulsion” or “oil-in-
water emulsion”, are used throughout the specification to
describe certain personal care compositions according to the
present invention. An “emulsion” according to the present
invention is advantageously a cream or lotion (especially a
skin cream or skin lotion) that is generally formed by the
suspension of a very finely divided liquid, in this case water,
in another liquid, in this case, an oil. In the present invention,
an emulsion is formed when the water phase is compatibilized
in the oil phase, such that the water phase becomes “hidden”
within the oil phase. Alternatively, an emulsion also may be
formed when the oil phase is compatabilized in the water
phase, such that the oil phase is “hidden” within the water
phase. The term emulsion is used to distinguish the present
compositions from compositions that contain at least two
visually distinct phases, i.e., an oil phase and a water phase.
Emulsions can be used to provide a number of personal care
formulations including skin creams, skin lotions, color cos-
metics, conditioners, shampoo formulations, etc.

The term “oil” is used throughout the specification to
describe any of various lubricious, hydrophobic and combus-
tible substances obtained from animal, vegetable and mineral
matter. Oils for use in the present invention may include
petroleum-based oil derivatives such as purified petrolatum
and mineral oil. Petroleum-derived oils include aliphatic or
wax-based oils, aromatic or asphalt-based oils and mixed
base oils and may include relatively polar and non-polar oils.
“Non-polar” oils are generally oils such as petrolatum or
mineral oil or its derivatives which are hydrocarbons and are
more hydrophobic and lipophilic compared to synthetic oils,
such as esters, which may be referred to as “polar” oils. It is
understood that within the class of oils, that the use of the
terms “non-polar” and “polar” are relative within this very
hydrophobic and lipophilic class, and all of the oils tend to be
much more hydrophobic and lipophilic than the water phase
which is used in the present invention.

In addition to the above-described oils, certain essential
oils derived from plants such as volatile liquids derived from
flowers, stems and leaves and other parts of the plant which
may include terpenoids and other natural products including
triglycerides may also be considered oils for purposes of the
present invention.

Petrolatum (mineral fat, petroleum jelly or mineral jelly)
and mineral oil products for use in the present invention may
be obtained from a variety of suppliers. These products may
range widely in viscosity and other physical and chemical
characteristics such as molecular weight and purity. Preferred
petrolatum and mineral oil for use in the present invention are
those which exhibit significant utility in cosmetic and phar-
maceutical products and are “cosmetically compatible”. Cos-
metic grade oils are preferred oils for use in the present
invention.

Additional oils for use in the present invention may
include, for example, mono-, di- and tri-glycerides which
may be natural or synthetic (derived from esterification of
glycerol and at least one organic acid, saturated or unsatur-
ated, such as for example, such as butyric, caproic, palmitic,
stearic, oleic, linoleic or linolenic acids, among numerous
others, preferably a fatty organic acid, comprising between 8
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and 26 carbon atoms). Glyceride esters for use in the present
invention include vegetable oils derived chiefly from seeds or
nuts and include drying oils, for example, linseed, iticica and
tung, among others; semi-drying oils, for example, soybean,
sunflower, safflower and cottonseed oil; non-drying oils, for
example castor and coconut oil; and other oils, such as those
used in soap, for example palm oil. Hydrogenated vegetable
oils also may be used in the present invention. Animal oils are
also contemplated for use as glyceride esters and include, for
example, fats such as tallow, lard and stearin and liquid fats,
such as fish oils, fish-liver oils and other animal oils, includ-
ing sperm oil, among numerous others. In addition, a number
of other oils may be used, including C,, to C;, (or higher)
fatty esters (other than the glyceride esters, which are
described above) or any other acceptable cosmetic emollient.

In certain embodiments, oils for use in the present inven-
tion include petrolatum, mineral oil or mixtures of petrolatum
and mineral oil where the amount of petrolatum to mineral oil
(on a weight/weight basis) ranges from about 1:20 to about
10:1, about 1:5to about 5:1, about 1:3 to about 1:1, depending
upon the end use of the emulsion composition. The inclusion
of'petrolatum and/or mineral oil and/or the ratio of petrolatum
to mineral oil in the present compositions will greatly influ-
ence the final viscosity of the emulsions and personal care
compositions according to the present invention.

Aldehydes and ketones are poor electrophiles for Schiff
base adduct formation under physiological conditions. The
present invention provides for new chemical entities that are
based on transimination nucleophilic catalysts. The new com-
pounds contain imines with pKa values that result in a sub-
stantial amount of the imine being protonated under physi-
ological conditions. As such, the protonated imine is a
reactive electrophile that reacts with endobiotic biological
amines at kinetically fast rates.

In one aspect, the present invention provides for the syn-
thesis, composition and use of therapeutic imine compounds
to treat disease. The compounds are highly reactive and effec-
tive therapeutics that react with their endobiotic biological
targets at kinetically fast rates, and low concentrations. The
compounds are formed by reacting a transimination nucleo-
philic catalyst with an aldehyde or ketone-containing mol-
ecule, and can be isolated under controlled conditions in the
laboratory or formed in situ upon co-administration of said
catalyst and said aldehyde or ketone molecule (herein carbo-
nyl molecule). The resultant imine therapeutic compounds
are significantly protonated under physiological conditions
and subsequently highly reactive to transimination with the
endobiotic target amine, thus providing highly reactive elec-
trophiles with distinct chemical and therapeutic advantages.

In another aspect, the present invention also provides for a
method to increase the rate of reaction between a carbonyl
molecule and endobiotic biological amine. In this aspect, a
transimination nucleophilic catalyst is co-administered with
acarbonyl molecule in order to improve the rate of Schift base
formation between said carbonyl molecule and an endobiotic
biological amine. When said carbonyl molecule is a therapeu-
tic, the catalyst is useful to decrease the effective concentra-
tion of said carbonyl therapeutic and thereby useful to miti-
gate the likelihood of adverse, concentration dependent
toxicity. While not wishing to be bound by theory, the authors
believe that said catalyst and said therapeutic react in situ to
form a more reactive imine or iminium cation, which subse-
quently undergoes transimination (trans-Schiffization) with
the endobiotic amine target at kinetically fast rates.

In another aspect, the present invention provides for a
method to treat sickle cell disease. Said catalyst is co-admin-
istered with a therapeutic aldehyde, and used to increase the
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rate of Schiff base adduct formation between the hemoglobin
protein and said aldehyde. Use of said catalyst, or combina-
tion of catalysts, increases the rate of reaction between said
aldehyde and hemoglobin. As a consequence of the increase
in rate, the effective concentration of aldehyde required to
ligate a given amount of protein is dramatically reduced.

In another aspect, the present invention provides for a
method to modulate immune response. Said catalyst is co-
administered with a therapeutic aldehyde, and used to
increase the rate of Schiff base adduct formation between a
T-cell and said aldehyde. Use of said catalyst, or combination
of catalysts, increases the rate of reaction between said alde-
hyde and T-cell. As a consequence of the increase in rate, the
effective concentration of aldehyde required to ligate a given
amount of protein is dramatically reduced.

Preferred catalysts include those that are safe for use in
mammals or on mammalian skin, hair or nails and include,
but are not limited to, aniline derivatives and more specifi-
cally p-aminobenzoic acid (PABA), C,-C,, esters of PABA,
p-aminohipporic acid (PAHA), C,-C,, esters of PAHA,
o-aminobenzoic acid (OABA), C,-C, , and esters of OABA.
Aniline and its derivatives meet the unique requirements for
nucleophilic catalysis as the pKa of the resultant aniline
Schiff base is only ~2 units below that of the free amine.
Consequently, the resultant Schiff base (formed between said
catalyst and said aldehyde or ketone-containing molecule) is
significantly protonated under physiological conditions. The
present invention utilizes nucleophilic catalysis with an
aniline derivative, or other appropriate amine derivative, and
is applicable to increase the rate of Schiff base formation
between any aldehyde or ketone-containing molecule and an
endobiotic amine. More specifically, the invention utilizes
nucleophilic catalysis to mitigate the effective concentration
of'an aldehyde or ketone-containing therapeutic and decrease
the likelihood of adverse effects. Other preferred classes of
catalyst include pyridoxamine, pyridoxamine-5-phosphate,
proline, proline derivatives, imidazolidinones, and other pri-
mary, secondary, and aromatic amines with unusually low
pKa values. The authors have surprisingly found that the
imines, formed by reacting said catalysts with said carbonyl
molecule, can be isolated under controlled conditions in the
laboratory. Said imines have unique properties, and are useful
as therapeutics to treat a variety of disease states.

In another aspect, the invention provides for S-membered
heterocyclic imine compounds, and their pharmacologically
acceptable salts, that covalently bind to and modify hemoglo-
bin. Said imine compounds interact with amines of hemoglo-
bin to affect the allosteric protein confirmation of said hemo-
globin protein, and are useful to treat sickle cell disease. Thus,
methods for using compounds to treat sickle cell disease in
humans are described. Said imine compounds react with
hemoglobin in a transaldimination reaction (with little or no
activation energy, i.e. essentially an isoenergetic reaction)
and accordingly requires very low levels of therapeutic. As
such, the imine compounds have little or no toxicity, as the
efficiency of in vivo protein modification is very high.

In another aspect, the invention provides for new mol-
ecules, designed through molecular modeling, that are engi-
neered to demonstrate improved thermodynamic stability in
the binding pocket of hemoglobin at the cai-end of the central
cavity. Using data from the crystal structures of the Hb
relaxed states bound to furfural or SHMF, we generated
images (Discovery Studio Visualizer) representing the bind-
ing site residues in the water filled cavity. The SHMF aldi-
mine adduct is less flexible and more stable in the binding
cavity due to the more extensive hydrogen bonding network
formed between the two SHMF aldimine adducts, six water
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molecules and al and o2 chains. The furfural aldimine
adduct is more flexible and less stable in the binding site as a
result of the reduced hydrogen bonding contacts (2 furfural:4
H20). These images suggest that reducing the flexibility and
increasing the hydrogen bonding interactions with the cavity
water molecules can stabilize the resultant aldimine adduct.
Sickle Cell Disease

Sickle cell disease (SCD) is a global health issue, resulting
from an autosomal recessive red blood cell disorder that most
commonly affects those of African, Mediterranean and Asian
decent (1). Over 13 million people worldwide, including
~100,000 Americans, are afflicted with the disorder, with
~300,000 babies born each year with SCD (2). The disease is
a caused by an inherited hemoglobinopathy that impairs oxy-
gen binding and enables polymers to form in the red blood
cells (RBC), triggering episodes of acute sickle crisis
whereby the shapes of the RBC are distorted and become
rigid and sickle-shaped (1). The genetic mutation is mani-
fested physiologically as the altered morphologically sickled
RBC occlude circulation, resulting in localized ischemia,
infarction, hemolytic anemia, organ damage and other debili-
tating acute and chronic effects (1). While the frequency,
severity and duration of vaso-occlusive crises can vary
amongst individuals, the episodes are extremely painful,
recurrent and lead to a high rate of hospitalization and use of
acute medical care facilities, with annual costs to the US
healthcare system of up to ~$1B (3). The pain crisis is the
hallmark feature of the disease, interfering profoundly with
functioning and has defied all attempts to intervene with
drugs that target the sickling process (4).

While repeated transfusions of red blood cells can greatly
reduce the severity of disease, and hematopoietic stem cell
transplants can cure SCD, the only approved disease-modi-
fying therapy for SCD remains hydroxyurea (HU). HU is
efficacious as a prophylactic to reduce the frequency of crises,
but the proper use requires months of strict compliance, self-
administration by the patient, and careful monitoring by the
physician to ensure proper dosing schedules before an effect
from the therapy can be realized (2). For these reasons, HU
has not been widely adopted as a prophylactic (2). HU is not
suitable as a therapeutic to treat imminent events of crisis or
stop the progression of crisis once it has begun. In fact, to date
there is with SHMF. The formation no commercial therapeu-
tic to avert imminent episodes of crisis or attenuate acute
events of crisis once they have begun, as the clinical utility of
these drugs has been limited by the toxicity associated with
the high concentration of therapeutic needed to inhibit sick-
ling (5). New anti-sickling agents that react with hemoglobin
(Hb) at low concentrations are urgently needed to avert or
treat episodes of sickle crisis.

One promising approach to treat acute episodes involves
the use of the aryl aldehydes including, but not limited to,
5-Hydroxymethyl-2-furfural (SHMF). SHMF interacts sto-
ichiometrically with the N-terminal amino group of a-Vall of
HbS (2 SHMF:1 HbS), increasing the oxygen affinity and
inhibiting the sickling of homozygous sickle red blood cells
by affecting allosteric oxy-deoxy conformational transitions
(6). The resultant SHMF/HbS Schiff base adduct is thought to
be stabilized by intramolecular interactions between the
5'-hydroxymethyl group and structural aspects of oxy-Hb at
the [JJ-end of the central cavity; as inferred from differences
in efficacy between furfural, 5-methyl-2-furfural (SMF) and
SHMEF (6). Preclinical studies with SHMF have shown prom-
ise in vitro where the hypoxia-induced formation of sickle
cells was largely inhibited by high concentrations of SHMF
(7). In addition, SHMF prolonged the survival time of mice
exposed to severe hypoxia and has been shown to exhibit
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favorable pharmacokinetic properties including oral bioavail-
ability, rapid absorption into the blood stream, and high speci-
ficity for HbS (7).

In one aspect of the present invention, the transimination
nucleophilic catalyst PABA is reacted with 5-hydroxym-
ethyl-2-furfural to create a new imine compound. Said imine
compound, or its pharmacologically acceptable salts, can be
isolated under controlled conditions in the laboratory and
reacts with Hemoglobin at a much faster rate in a trans-Schiff
base reaction (transimination), when compared to SHMF
alone (aldimine reaction). During our studies the imine com-
pound, formed by reacting PABA with SHMF, was isolated
and chemically characterized as a new chemical entity. Said
imine compound is a more reactive electrophile as compared
to SHMF and reacts with HbS at faster rates than free SHMF
under physiological conditions. Furthermore, said imine is
more stable in terms of its degradation in the presence of air,
light and moisture; an intrinsic limitation of SHMF as a thera-
peutic agent. This represents an important observation when
considering drug stability requirements (10). The approach of
the present invention is focused on the in vivo site selective
reversible chemical modification of Val-1(at) HbS, as the
Schiff base adducts formed at this amino group remains the
only known modification that is stabilized by the non-cova-
lent interactions, and Schiff base adducts at other sites on HbS
(and other proteins) are expected to dissociate rapidly as the
SHMF concentration decreases due to removal by the circu-
latory system.

The use of aniline as a nucleophilic catalyst to create imi-
nium cation intermediary species was exemplified by Daw-
son et al, who showed that buffers containing aniline, and
p-methoxyaniline dramatically improve the rates of
chemoselective bio-conjugation reactions between xenobi-
otic aldehydes and amine nucleophiles in solution. (11-14)
The toxicity of aniline precludes its use as a therapeutic
modality in vivo, but the many derivatives of aniline have
been shown to exhibit excellent toxicological profiles in
humans. (15-17) p-Aminobenzoic acid (PABA) is widely
used as a topical sunscreen and ingestible ingredient in nutri-
tional supplements (18). PABA is extremely well tolerated in
humans, and has no reported side effects at daily doses below
12 grams (19). The pharmacokinetic profile of PABA in
humans is well known, and the major metabolite, p-amino-
hippuric acid (PAHA), can also catalyze SHMF/HbS adduct
formation. As such, PABA is a preferred catalyst of the
present invention.

Transimination nucleophilic catalysts (aniline and p-meth-
oxyaniline) are known to enhance the rates of biomolecular
ligations between [J-effect amines (hydrazines and ami-
nooxy groups) and aldehydes in aqueous solutions. (11-14)
Jencks’ requirement (20) for such catalysis is 1) fast forma-
tion of a thermodynamically unstable Schiff base (i.e., with
aniline) that is more readily protonated for the transimination
reaction than the starting aldehyde and 2) subsequent tran-
simination to form a thermodynamically stabilized product.
This strategy is useful in chemical biology to increase the
rate, and overall yield, of biomolecular labeling reactions and
conjugations (11). However, to date, the utility of this strategy
has been restricted to biomolecules containing hydrazine or
aminoxy derivatives that form thermodynamically stable
hydrazone and oxime products in aqueous solutions due to
the favorable electronic effect of extended conjugation (14).
The use of catalysts to increase the rate of Schiff base adduct
formation between a primary amine (like that of a-Vall of
HbS) and an aldehyde has not been reported because the
resultant Schiff base product is expected to be as unstable in
aqueous solution as the aniline Schiff base intermediate and
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therefore cannot benefit from aniline catalysis (20). The situ-
ation with adducts formed between aldehydes, like SHMF,
and HbS is unique as the Schiff base product is stabilized by
non-covalent interactions at the [JJ-end of the central cavity
of HbS, thus covalently bound (reversible) SHMF provides its
own thermodynamic stabilization with rates of formation that
can be impacted by the presence of catalyst. Our research
team recognizes the utility of PABA as an in vivo organocata-
lyst to treat a variety of disease states whereby the efficacy of
the therapeutic is dependent upon the rate or degree of Schiff
base adduct formation.

The invention provides compounds of the formula

where R, is an imine C—N—YV, its tautomer, or a pharma-
cologically acceptable salt C="NH—V, in that V is a tran-
simination nucleophilic catalyst and more preferably a sub-
stituted  aniline derivative and more specifically
p-aminobenzoic acid (PABA) or a C,-C,, ester of p-ami-
nobenzoic acid; R, and R, are the same or different and are H,
OH, C,-C,, alkyl, C,-C,, alkoxy, C,-C,, hydroxyl-alkyl,
halogen, aryl, or O-aryl; R, is H or a C,-C,, alkyl ester
moiety; m=1-6; X—NH, O, S Se or P.

Exemplary embodiments of the compound are as follows:

~ N
| — ORy
\
Ry X R
R4O | R3
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-continued
Ry Rz

/

RO

In a preferred embodiment of the invention, R, is an aniline
derivative and more specifically p-aminobenzoic acid
(PABA), o-aminobenzoic acid (OABA) or m-aminobenzoic
acid(MABA)oraC,-C,, alkyl derivative of PABA, OABA or
MABA whereby R represents an H or a C,-C |, alkyl group,
and the compound is of the formula

Rz/\ X\

N

x
| ——COORg
/
Examples of which include
\
| ——COORg
F
ROOC /== .
\ 7 |
OR4

RcOOC——
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-continued
Ry R;
wo. AN
m X |
N
| ——COORg
F

The invention additionally provides compounds of the for-
mula

R3\,_“ —ORy—Y—Z—Rs

RS

where R, is an imine C—N—YV, its tautomer, or a pharma-
cologically acceptable salt C="NH—V, in that V is a tran-
simination nucleophilic catalyst and more preferably a sub-
stituted  aniline derivative and more specifically
p-aminobenzoic acid (PABA), OABA, MABA or a C,-C,,
ester of PABA, OABA or MABA; R, and R; are the same or
different and are H, OH, C,-C,, alkyl, C,-C, , alkoxy, C,-C, ,
hydroxyl-alkyl, halogen, aryl, or O-aryl; R, and Ry are the
same or different and are a substituted or unsubstituted aro-
matic or heteroaromatic moiety, a substituted or unsubsti-
tuted alkyl or alkylnoic acid or ester moiety; m=1-6; X—NH,
O, S Se or P; and wherein Y=a chemical linker which includes
one to four chemical moieties selected from the group con-
sisting of CH,, CO, O, S, NH, NHCO and NHCONH,;
7Z—(CH),, where n=1-4; and positions of Y and Z are inter-
changeable. Exemplary embodiments of the compound are as
follows:
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-continued
ORy—Y—Z—Rs

Rs—Z—Y—O0R, / \

In a preferred embodiment of the invention, R, is an aniline
derivative and more specifically p-aminobenzoic acid
(PABA), o-aminobenzoic acid (OABA) or m-aminobenzoic
acid(MABA)oraC,-C,, alkyl derivative of PABA, OABA or
MABA whereby R represents an H or C,-C,, alkyl group,
and the compound is of the formula

Ry f I ORy—Y—Z—R;s
L3
5
NS N
| ——COORg

F

Examples of which include

R; —ORy—Y—Z—Rs
Ry X |
N
x
| —COORg
P
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-continued

Z
R¢OOC—— |
AN
R, R,
Rs—Z—Y—R4O / \
m X |
N
| ——COORg
S

The invention additionally provides compounds of the for-
mula

where R, and R; are the same or different and are H, OH,
C,-C,, alkyl, C,-C,, alkoxy, C,-C,, hydroxyl-alkyl, halo-
gen, aryl, or O-aryl; R, is a substituted or unsubstituted alkyl
or alkylnoic acid or ester moiety; m=1-6; X—NH, O, S Se or
P; m=1-6; X—NH, O, S Se or P; Ry is H or phosphate.
Exemplary embodiments of the compound are as follows:

OH
7/ \
RsO =N
Ne— ORg
\ /
HO N
| o,
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R40 ” R;
/
RZ X |
OH
7\
RO =N
R3 —ORy
/ \
| X Ro
HO N
7\
N= ORg
Ry R;
o, M\
m X |
N OH
/ \
RO =N

The invention additionally provides compounds of the for-
mula

R; ORy—Y—Z—Rs
= X\|
N OH
7\
R¢O —N

where R, and R, are the same or different and are H, OH,
C,-C,, alkyl, C,-C,, alkoxy, C,-C,, hydroxyl-alkyl, halo-
gen, aryl, or O-aryl; R, and R, are the same or different and
are a substituted or unsubstituted aromatic or heteroaromatic
moiety, a substituted or unsubstituted alkyl or alkylnoic acid
or ester moiety; m=1-6; X—NH, O, S Se or P; and wherein
Y=a chemical linker which includes one to four chemical
moieties selected from the group consisting of CH,, CO, O, S,
NH, NHCO and NHCONH; Z—(CH),, where n=1-4; and
positions of Y and Z are interchangeable and whereby R6 is an
H or phosphate. Exemplary embodiments of the compound
are as follows:
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RO =N\
Ne— ORg
HO I\i
—ORy—Y—Z—Rs
Ry X R;
Rs—7Z—Y—R40 . Rs
RZ X |

N OH

7\

R¢O =N
Ry —ORy—Y—Z—Rs
X Ry
N— ORg
Ro R3
Rs—Z—Y—R,0 / \
m X |
N O

7\

—N

HO

/

Z

\

H

RO

Small Molecule Immunomodulators for HIV and Other
Chronic Diseases

HIV is an example of a global health issue, affecting over
1 million people in the United States and ~33 million people
worldwide (1). While current antiretroviral therapies have
greatly improved clinical prognoses, new strategies are
needed to restore and enhance normal cell-mediated immu-
nity. Immune response modifiers that are effective at low
clinical doses, can assist in restoring the defects in cell-me-
diated immunity without increasing the viral load and that are
specific for HIV immunity are needed as supplements to
antiretroviral therapy (1).
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One promising approach to restore immune response
involves the use of the small molecule immune response
modifiers with aryl aldehydes. Non-limiting examples of
which include (IRM) Tucaresol (4(2-formyl-3-hydroxy-phe-
noxymethyl) benzoic acid) and Isotucaresol. In the presence
of an antigen, Schiff base formation between the Tucaresol
aldehyde and T-cell surface amines provides co-stimulatory
signals to CD4+ T-cells, enhancing Th-cell priming and CD8
cytotoxic T-cell priming; leading to favorable therapeutic
activity profiles in vivo (FIG. 2) (2-7). Results from a
Tucaresol Phase I/11 pilot study in HIV-positive patients show
an increase in CD4+ counts, increase in cytotoxic effector T
lymphocytes (CD8+/28-/45RA/57+), increase in HIV-spe-
cific CD8+, increase in IFN-! and increase in perforin-pro-
ducing cells, while leaving HIV viraemia unaffected (6).
Unfortunately, Tucaresol-related serious adverse events were
observed in two patients (2/21) after the first dose and in
patients that were viraemic when commencing treatment (6).
Unnecessarily large concentrations of Tucaresol must be
administered to elicit an efficacious response, as the physi-
ological environment in vivo (pH=7.4) provides an unfavor-
able setting for rapid Schiff base formation between the
Tucaresol aldehyde and T-cell amine to occur. The slow rate
of Schift base formation at T-cell amines and rapid clearance
of' small molecules by the renal system results in the majority
of Tucaresol being unreacted and wasted (2,3)

In one aspect of the present invention, a transimination
nucleophilic catalyst is used to increase the rate of reaction
between Tucaresol and T-cell amines. The catalyst and
Tucaresol react to form an intermediate species (AIC-4423)
that subsequently reacts with T-cells at an accelerated rate in
a trans-Schiff base reaction (FIG. 1). Upon reaction with
T-cells, the Tucaresol/T-cell adduct is formed, and the benign
catalyst is regenerated (FIG. 1). The increased rate of reaction
of AIC-4423 with T-cells decreases the molar ratio of
Tucaresol needed to achieve a desired level of in vivo
Tucaresol/T-cell adduct and stimulate Thl type immune
response, thereby leading to effective immune potentiation at
lower concentrations.

In another aspect, the invention provides for aromatic
imine compounds, and their pharmacologically acceptable
salts, which are useful as adjuvants to modulate immune
response in mammals. Said imine compounds react with
endobiotic biological amines in a transaldimination reaction
(with little or no activation energy, i.e. essentially an isoen-
ergetic reaction) and accordingly requires very low levels of
therapeutic. As such, the imine compounds have mitigated
toxicity as the efficiency of in vivo protein modification is
very high.

The invention provides compounds of the formula

AN
| ——COORg

s
N
Ry \

/_©7COOR2
R (6]

wherein R and R1 are each independently hydrogen or
—C(O)H, an optionally substituted C, ,, alkyl group, a sac-
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charyl group or a group represented by the formula—C(O)—
[C(R(R,)]n-COOH or —[C(R;)(R,)]n-COOH;
R; and R, is independently selected from hydrogen or an
optionally substituted C, |, alkyl group or an unsubstituted
Cy.10 alkyl group;
n is an integer from 1 to 5;

R, is selected from hydrogen, a substituted C, ,, alkyl group,
anunsubstituted C, ,, alkyl group and a group represented by
the formula —(CH,),,CH(OH)(CH,)OR, wherein m and p
are each independently 1 or 2, and R is a C,_,, acyl group, or
a group represented by the formula

wherein j is an integer from 1 to 5, and R and R, are each
independently selected from the group of a hydrogen, an
optionally substituted C, ,, alkyl group or a pharmacologi-
cally acceptable salt thereof. Examples of the above com-
pounds include

COR,
R o
R,0
NZ
/ |
- COORs
.

Wherein each of R, R, and R, are as described above and Ry
is H or an optionally substituted C,-C, alkyl group.

Inyet another aspect, the present invention provides for the
synthesis, composition and use of the Activated Iminium
Cation formed by the reaction of IsoTucaresol or its deriva-
tives, and a transimination nucleophilic catalyst, and its use as
animmune response modifier. Preferred catalysts include, but
are not limited to, p-aminobenzoic (PABA) acid, p-aminohip-
puric acid (PAHA), anthranilic acid and derivatives of p-ami-
nobenzoic (PABA) acid, p-aminohippuric acid (PAHA) and
anthranilic acid.



US 9,365,532 Bl

29

The invention provides compounds of the formula

CO,R,
R 0
RO
NZ
7 I
~—COORs
x

where R represents hydrogen or —C(O)H, an optionally
substituted C, ,, alkyl group, a saccharyl group or a group
represented by the formula —C(O)—[C(R;)(R,)[n-COOH
or —[C(R;)(R,)]n-COOH, wherein each R; and R, indepen-
dently is a member selected from hydrogen, a substituted
C, 1o alkyl group, an unsubstituted C, |, alkyl group. The
symbol n represents an integer from 1 to 5. The symbol R,
represents a member selected from hydrogen, an optionally
substituted C,_,, alkyl group or a group represented by the
formula —(CH,),,CH(OH)(CH,)ORs, wherein m and p are
independently 1 or 2, and R is a C, _,, acyl group, or a group
represented by the formula

wherein j is an integer from 1 to 5, and Ry and R, are
independently selected from the group of a hydrogen, an
optionally substituted C, _,, alkyl group, or a pharmacologi-
cally acceptable salt thereof; and Ry is a Hydrogen or an
optionally substituted C,-C, , alkyl group.

Inyet another aspect, the present invention provides for the
synthesis, composition and use of the Activated Iminium
Cations formed by the reaction of natural and synthetic sapo-
nin derivatives including, but not limited to, QS-21 (Quillaja
saponaria), or its derivatives and a transimination nucleo-
philic catalyst, and their use as adjuvants and immune
response modifiers. Preferred catalysts include, but are not
limited to, p-aminobenzoic (PABA) acid, p-aminohippuric
acid (PAHA), anthranilic acid and derivatives of p-aminoben-
zoic (PABA) acid, p-aminohippuric acid (PAHA) and anthra-
nilic acid.

Imine Therapeutics as Adjuvants for Vaccine Interventions

Quillaja saponaria is a saponin immunologic adjuvant
currently under investigation in a number of clinical trials.
Recent findings using synthetic QS-21 demonstrate
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unequivocally that the adjuvant activity of QS-21 resides in
these two principal isomeric forms, and not in trace contami-
nants within the natural extracts. Furthermore, it has been
demonstrated that Schiff base adduct formation with the alde-
hyde at the C4 position on the triterpene is a pre-requisite for
adjuvanticity. Modification of the C4 aldehyde eliminates
adjuvant activity for antibody stimulation or for induction of
cytotoxic T-lymphocytes.

The kinetics of Schiff base formation between the C4 ali-
phatic aldehyde of saponin derivatives and endobiotic amines
of'the immune system is slow under physiological conditions.
As the adjuvanticity of said saponins is dependent upon
Schiffbase formation, we contemplate that increasing the rate
of Schift base formation would provide for an increase in the
adjuvanticity (efficacy) of said saponins.

In another aspect, the invention provides for novel imine
compounds, formed by reacting a transimination nucleo-
philic catalyst with a saponin derivative, and their pharmaco-
logically acceptable salts. Preferred saponin derivatives
include QS-21-Api, and QS-21-Xyl, and synthetic deriva-
tives of QS-21 that form Schiff base adducts with endobiotic
biological targets. Preferred catalysts include those that are
safe for use in mammals and include, but are not limited to,
aniline derivatives and more specifically p-aminobenzoic
acid (PABA), p-aminohipporic acid (PAHA), esterified
derivatives of p-aminobenzoic acid, anthranilic acid and
derivatives of anthranilic acid, including esterified deriva-
tives. Other preferred classes of catalyst include proline, pro-
line derivatives, imidazolidinones, and other primary, sec-
ondary, and aromatic amines.

In another aspect, the present invention also provides for a
method to increase the rate of reaction between an adjuvant
and endobiotic biological amine. In this aspect, a transimina-
tion nucleophilic catalyst is co-administered with an adjuvant
in order to improve the rate of Schiff base formation between
said adjuvant and an endobiotic biological amine. The cata-
lyst is useful to decrease the effective concentration of said
adjuvant and thereby useful to mitigate the likelihood of
adverse, concentration dependent toxicity. While not wishing
to be bound by theory, the authors believe that said catalyst
and said adjuvant react in situ to form a more reactive imine
or iminium cation, which subsequently undergoes transimi-
nation (trans-Schiffization) with the endobiotic amine target
at kinetically fast rates. Said catalyst improves the rate of
Schiff base adduct formation between said endobiotic bio-
logical amine and said adjuvant.

In another aspect, the present invention provides for a
method to increase the adjuvanticity of saponin adjuvants
whereby said catalyst is co-administered with an immuno-
logical adjuvant and a keyhole limpet hemocyanin conjugate
vaccine or other classes of subunit antigen vaccines. Said
catalyst is co-administered and used to increase the rate of
Schiff base adduct formation between the adjuvant and endo-
biotic target. Use of said catalyst, or combination of catalysts,
increases the rate of reaction between said adjuvant and endo-
biotic biological target. As a consequence of the increase in
rate, the effective concentration of aldehyde required to ligate
a given amount of protein is dramatically reduced.
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The invention also provides compounds of the formula:

0
0
HO
0
HO 0 HoO 0
Hom
OH on H H
6] IHI Me
HO
on Qs-21-Apl
/
HO |
\ 8
COOR!
0
0
HO
0
HO 0 HoO 0
Hom
OH on H H
6] IHI Me
HO
OH QS-21-Xyl
/
HO |
X

COOR®

where R, is a Hydrogen or an optionally substituted C,-C |,
alkyl group.
Sunless Tanning

Sunless tanners provide an alternative to recreational tan-
ning, but their widespread use is limited by the unsatisfactory
performance of the products; a direct result of the poor reac-
tivity of the active ingredients (keto-sugars). The resulting
faux tan is slow to develop and the intermediary reaction
products are susceptible to degradation under UV radiation,
producing harmful reactive oxygen species that have acute
and chronic effects.®’ The slow development of Melanoidin
formation is also problematic for consumers, as the homoge-
neity of the application remains unknown for several hours
post-application.'®

Current Paradigm—Sunless tanning formulas utilizing
dihydroxyacetone (DHA) have been commercially available
for 50 years."' Recently, combinations of DHA and erythru-
lose have been utilized to obtain a more favorable end color.'*
DHA and erythrulose are keto-sugars that undergo non-en-
zymatic glycosylation reactions (Maillard reaction) with epi-
dermal keratin, producing colored pigments that are
covalently bound to the outer layers of the epidermis.” These
colored pigments, collectively referred to as melanoidins,
take up to 24 hours to fully develop and are visible for several
days, only being removed as the skin sheds.>> The chemical
intermediates involved in Melanoidin formation have long
lifetimes, and are susceptible to photo-degradation upon
exposure to sunlight, producing reactive oxygen species
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Me M
Me, Me
0 HO 0 HO
0 0 0 OH
O HO | OH

A < ale]
O H(E,%\~OH

(<]

OH
o -D-Apl
HO Me p-D-Ap
Me Me
Me, Me
0 HO 0 HO
0 0 0 OH
O OH

0

0 O
o -D-Xyl
HO Me P Y

(ROS).** The ROS are harmful and cause acute and chronic
damage to the skin.*® As such, the consumer is advised to
avoid sunlight for several hours after application of the sun-
less tanner.*°

While the complete reaction pathway leading to Melanoi-
din formation remains unknown, Schiff base adduct forma-
tion between the keto-sugar and epidermis is the first reaction
in a series of reactions that produce the tanned appearance
(faux tan).'? The current approach is inherently limited, as the
rate of reaction between a ketone and epidermal amine is
kinetically slow under physiological conditions. The current
state of the art remains unsatisfactory and leaves the con-
sumer susceptible to photo-induced free radical formation as
the faux tan slowly develops.' Furthermore, the slow devel-
opment of Melanoidin formation leaves the consumer unsure
as to the homogeneity of the application.'® To compensate for
the slow development of color, formulators have incorporated
visible “tracers” (brown colored pigments) into the delivery
vehicles, which allow the consumer to track the application of
the formula. The use of these tracers is misleading as the
intensity of the resultant faux tan does not correlate with the
evenness of tracer distribution. The homogeneity of the
resultant faux tan is dependent upon the concentration of
keratin in the application area. As different areas of the skin
contain varying concentrations of keratin, the resultant faux
tan appears uneven. The problem is further compounded by
the rapid degradation of the keto-sugar to malodorous by-
products and the premature removal of unreacted keto-sugars
by absorption, perspiring and normal wear.* It would be
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advantageous to accelerate the rate of reaction between the
epidermal amines and keto-sugars, thereby decreasing the
lifetime of the photo-unstable chemical intermediates, accel-
erating the rate of the appearance of the faux tan, eliminating
the likelihood for malodor, and decreasing the likelihood for
premature removal of the sugar.

Sunless tanners and Turbo-PUVA Therapy—Psoriasis is a
chronic autoimmune disease characterized by the formation
of red, amorphous skin plaques.'* The administration of pso-
ralens (oral or topical), combined with UVA phototherapy
(PUVA) has been shown to be efficacious at removing the
plaques, but the therapeutic benefits are limited by the acute
and chronic effects of cumulative exposure to UVA radiation.
215 The collateral damage to non-psoriatic skin limits the
aggressiveness of the phototherapy, and the overall effective-
ness of the strategy.®"*> Recently, sunless tanners have been
used to impart a topical UV-resisting barrier to optimize
PUVA (Turbo-PUVA). The melanoidins, covalently bound to
epidermal keratin, offer modest levels of UVA protection that
correlate with the intensity of the faux tan. As the hyperpro-
liferative psoriatic plaques shed more quickly than unaffected
areas, the remaining normal skin is left with a modest level of
UV protection during subsequent phototherapeutic treat-
ments.> The Turbo-PUVA strategy allows for the administra-
tion of higher UVA doses by simultaneously accelerating
plaque clearing and protecting the unaffected skin areas.
While the clinical utility of Turbo-PUVA has been demon-
strated in humans, the utility of the current Turbo-PUVA
strategy is limited by the slow development of the faux tan and
its very modest UV-protecting ability. Melanoidin formation
is exceedingly slow, and much of the applied keto-sugar
remains unreacted and wasted. The sunless tanner must be
applied over several applications in order to generate a suffi-
ciently “dark” faux tan, and the corresponding UVA protec-
tion.

Our approach seeks to enhance the utility of reducing sug-
ars to react with epidermal amines and provide for a safer and
improved alternative to sun bathing and indoor tanning. Co-
administration of a benign transimination nucleophilic cata-
lyst and keto-sugar, or the isolated imine, provides for a
highly reactive iminium cation that subsequently undergoes
transimination with epidermal amines at enhanced rates.
Upon Schiff base adduct formation the catalyst is regenerated
(FIG. 1). We hypothesize that the catalysts will reduce ROS
generation and produce melanoidins with enhanced UV-pro-
tecting ability. Validation of these hypotheses would signifi-
cantly advance the development of the AIC approach towards
commercialization and provide a strategic technical advan-
tage over current products.

In another aspect, the present invention provides for a
method to improve the rate of color change on human skin. In
this aspect, a transimination nucleophilic catalyst is co-ad-
ministered with a reducing sugar and delivered to the skin.
The catalyst and reducing sugar react to form a more reactive
imine that undergoes transimination with amines of the skin.
Pharmaceutical Compositions

When employed as pharmaceuticals, the imine compounds
of this invention are typically administered in the form of a
pharmaceutical composition. Such compositions can be pre-
pared in a manner well known in the pharmaceutical art and
comprise at least one active complex. In a further embodi-
ment, the pharmaceutical compositions of the invention may
comprise one or more of the imine compounds in combina-
tion with one or more non-imine compounds, including
known compounds. Such combinations yield compositions
that exhibit improved effectiveness over like compositions
containing the active compounds individually, so that a syn-
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ergistic effect of the combination is conferred. The exact
amounts and proportions of the compounds with respect to
each other may vary within the skill of the art.

Generally, the imine compound of this invention is admin-
istered in a pharmaceutically effective amount. The amount
of'the complex actually administered will typically be deter-
mined by a physician, in the light of the relevant circum-
stances, including the condition to be treated, the chosen
route of administration, the actual complex administered, the
age, weight, and response of the individual patient, the sever-
ity of the patient’s symptoms, and the like.

The pharmaceutical compositions of this invention can be
administered by a variety of routes including by way of non-
limiting example, oral, rectal, vaginal, transdermal, subcuta-
neous, intravenous, intramuscular and intranasal. Depending
upon the intended route of delivery, the compounds of this
invention are preferably formulated as either injectable or
oral compositions or as salves, as lotions or as patches all for
transdermal administration.

The compositions for oral administration can take the form
of bulk liquid solutions or suspensions, or bulk powders.
More commonly, however, the compositions are presented in
unit dosage forms to facilitate accurate dosing. The term “‘unit
dosage forms” refers to physically discrete units suitable as
unitary dosages for human subjects and other mammals, each
unit containing a predetermined quantity of active material
calculated to produce the desired therapeutic effect, in asso-
ciation with a suitable pharmaceutical excipient. Typical unit
dosage forms include prefilled, premeasured ampoules or
syringes of the liquid compositions or pills, tablets, capsules
or the like in the case of solid compositions. In such compo-
sitions, the furansulfonic acid compound is usually a minor
component (from about 0.1 to about 50% by weight or pref-
erably from about 1 to about 40% by weight) with the remain-
der being various vehicles or carriers and processing aids
helpful for forming the desired dosing form.

Liquid forms suitable for oral administration may include
a suitable aqueous or nonaqueous vehicle with buffers, sus-
pending and dispensing agents, colorants, flavors and the like.
Solid forms may include, for example, any of the following
ingredients, or compounds of a similar nature: a binder such
as microcrystalline cellulose, gum tragacanth or gelatin; an
excipient such as starch or lactose, a disintegrating agent such
as alginic acid, Primogel, or corn starch; a lubricant such as
magnesium stearate; a glidant such as colloidal silicon diox-
ide; a sweetening agent such as sucrose or saccharin; or a
flavoring agent such as peppermint, methyl salicylate, or
orange flavoring.

Injectable compositions are typically based upon inject-
able sterile saline or phosphate-buffered saline or other inject-
able carriers known in the art. As before, the active compound
in such compositions is typically a minor component, often
being from about 0.05 to 10% by weight with the remainder
being the injectable carrier and the like.

Transdermal compositions are typically formulated as a
topical ointment or cream containing the active ingredient(s),
generally in an amount ranging from about 0.01 to about 20%
by weight, preferably from about 0.1 to about 20% by weight,
preferably from about 0.1 to about 10% by weight, and more
preferably from about 0.5 to about 15% by weight. When
formulated as an ointment, the active ingredients will typi-
cally be combined with either a paraffinic or a water-miscible
ointment base. Alternatively, the active ingredients may be
formulated in a cream with, for example an oil-in-water
cream base. Such transdermal formulations are well-known
in the art and generally include additional ingredients to
enhance the dermal penetration of stability of the active ingre-
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dients or the formulation. All such known transdermal for-
mulations and ingredients are included within the scope of
this invention.

The compounds of this invention can also be administered
by a transdermal device. Accordingly, transdermal adminis-
tration can be accomplished using a patch either of the reser-
voir or porous membrane type, or of a solid matrix variety.

The above-described components for orally administrable,
injectable or topically administrable compositions are merely
representative. Other materials as well as processing tech-
niques and the like are set forth in Part 8 of Remington’s
Pharmaceutical Sciences, 17th edition, 1985, Mack Publish-
ing Company, Easton, Pa., which is incorporated herein by
reference.

The compounds of this invention can also be administered
in sustained release forms or from sustained release drug
delivery systems. A description of representative sustained
release materials can be found in Remington’s Pharmaceuti-
cal Sciences.

The following formulation examples illustrate representa-
tive pharmaceutical compositions of this invention. The
present invention, however, is not limited to the following
pharmaceutical compositions.

Formulation 1—Tablets

A compound containing an imine compound or a mixture
of catalyst(s) and carbonyl molecule of the invention is
admixed as a dry powder with a dry gelatin binder in an
approximate 1:2 weight ratio. A minor amount of magnesium
stearate is added as a lubricant. The mixture is formed into
240-270 mg tablets (80-90 mg of active compound per tablet)
in a tablet press.

Formulation 2—Capsules

A compound containing an imine compound or a mixture
of catalyst(s) and carbonyl molecule of the invention is
admixed as a dry powder with a starch diluent in an approxi-
mate 1:1 weight ratio. The mixture is filled into 250 mg
capsules (125 mg of active compound per capsule).
Formulation 3—Liquid

A compound containing a an imine compound or a mixture
of catalyst(s) and carbonyl molecule of the invention (125
mg), sucrose (1.75 g) and xanthan gum (4 mg) are blended,
passed through aNo. 10 mesh U.S. sieve, and then mixed with
a previously made solution of microcrystalline cellulose and
sodium carboxymethyl cellulose (11:89, 50 mg) in water.
Sodium benzoate (10 mg), flavor, and color are diluted with
water and added with stirring. Sufficient water is then added
to produce a total volume of 5 mL.

Formulation 4—Tablets

A compound containing an imine compound or a mixture
of catalyst(s) and carbonyl molecule of the invention is
admixed as a dry powder with a dry gelatin binder in an
approximate 1:2 weight ratio. A minor amount of magnesium
stearate is added as a lubricant. The mixture is formed into
450-900 mg tablets (150-300 mg of active compound) in a
tablet press.

Formulation 5—Injection

A compound containing a an imine compound or a mixture
of catalyst(s) and carbonyl molecule of the invention is dis-
solved or suspended in a buffered sterile saline injectable
aqueous medium to a concentration of approximately 5
mg/ml.

Formulation 6—Topical

Stearyl alcohol (250 g) and a white petrolatum (250 g) are
melted at about 75° C. and then a an imine compound or a
mixture of catalyst(s) and carbonyl molecule of the invention
(50 g) methylparaben (0.25 g), propylparaben (0.15 g),
sodium lauryl sulfate (10 g), and propylene glycol (120 g)
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dissolved in water (about 370 g) is added and the resulting
mixture is stirred until it congeals.
Methods of Treatment

The present complexes may be used as therapeutic agents
for the treatment of conditions in mammals. Accordingly, the
complexes and pharmaceutical compositions of this inven-
tion find use as therapeutics for treating sickle cell disease
and/or treating chronic infections and/or modulating immune
response and related conditions in mammals, including
humans.

In a method of treatment aspect, this invention provides a
method of treating a mammal susceptible to or afflicted with
a condition associated with or resulting from chronic infec-
tion, genetic disorder, bacterial, viral or fungal attack or infec-
tion, which method comprises administering an effective
amount of one or more of the pharmaceutical compositions
just described to a patient or subject in need.

In additional method of treatment aspects, this invention
provides methods of treating a mammal susceptible to or
afflicted with a variety of chronic infections, genetic disor-
ders, bacterial, viral or fungal attack or infection, or other
infections, The method comprises administering an effective
condition-treating or condition-preventing amount of one or
more of the pharmaceutical compositions just described to a
patient or subject in need.

For the prevention and/or treatment of long-term condi-
tions, such as those associated with persistent viral or micro-
bial conditions, or genetic disorder the regimen for treatment
usually stretches over many months or years so oral dosing is
preferred for patient convenience and tolerance.

Transdermal doses are generally selected to provide simi-
lar or lower blood levels than are achieved using injection
doses.

The complexes of this invention can be administered as the
sole active agent or they can be administered in combination
with other agents, including other active derivatives.
General Synthetic Procedures

The complexes of this invention can be prepared from
readily available starting materials using the general methods
and procedures described earlier and illustrated schemati-
cally in the examples that follow. It will be appreciated that
where typical or preferred process conditions (i.e., reaction
temperatures, times, mole ratios of reactants, solvents, pres-
sures, etc.) are given, other process conditions can also be
used unless otherwise stated. Optimum reaction conditions
may vary with the particular reactants or solvent used, but
such conditions can be determined by one skilled in the art by
routine optimization procedures.

Additionally, as will be apparent to those skilled in the art,
conventional protecting groups may be necessary to prevent
certain functional groups from undergoing undesired reac-
tions. The choice of a suitable protecting group for a particu-
lar functional group as well as suitable conditions for protec-
tion and deprotection are well known in the art. For example,
numerous protecting groups, and their introduction and
removal, are described in T. W. Greene and P. G. M. Wauts,
Protecting Groups in Organic Synthesis, Second Edition,
Wiley, New York, 1991, and references cited therein.

The following methods are presented with details as to the
preparation of representative imine compounds that have
been listed hereinabove. The imine compounds of the inven-
tion may be prepared from known or commercially available
starting materials and reagents by one skilled in the art of
organic synthesis.

Solvents and reagents purchased from commercial sources
were used without further purification.
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Representative Synthetic Method
Preparation of Imine Compounds

General protocols for the synthesis of imine compounds
are shown in Scheme 1. The carbonyl molecule is dissolved in
anhydrous alcohol, and to this solution is added an equivalent
amount of transimination nucleophilic catalyst. After mixing,
a catalytic amount of glacial acetic acid is added and the
reaction is mixed at room temperature for several hours. The
reaction product can be purified by precipitation or by
removal of the alcohol under vacuum. All products are char-
acterized by "HNMR and mass spectrometry.

Example 1

Preparation of 4-((5-(hydroxymethyl)furan-2-yl)
methyleneamino)benzoic acid (Termed AIC)

The following non-limiting example represents the synthe-
sis of an imine therapeutic based on the transimination
nucleophilic catalyst p-aminobenzoic acid (PABA) and is
applicable to a wide number of synthesis” whereby PABA is
the catalyst.

[\

o

HO

COOH

To a solution of 5-hydroxy-2-methylfurfural (10 mM) in
anhydrous ethanol was added p-aminobenzoic acid (11 mM)
in anhydrous ethanol. To this solution was added 50 plL. of
glacial acetic acid. The solution was mixed at room tempera-
ture for 4 h and the off-white precipitate was filtered and
washed with cold EtOH to yield the final product in quanti-
tative yields.

Example 2

Preparation of
4-(4-hydroxy-3-methoxybenzylideneamino )benzoic
acid

The following non-limiting example represents the synthe-
sis of an imine therapeutic based on the transimination
nucleophilic catalyst p-aminobenzoic acid (PABA) and is
applicable to a wide number of synthesis” whereby PABA is
the catalyst.

OH

COOH
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To a solution of vanillin (10 mM) in anhydrous ethanol was
added p-aminobenzoic acid (11 mM) in anhydrous ethanol.
To this solution was added 50 pL. of glacial acetic acid. The
solution was mixed at room temperature for 4 h and the
off-white precipitate was filtered and washed with cold EtOH
to yield the final product in quantitative yields.

Example 3

Preparation of
4-(2-hydroxy-3-methoxybenzylideneamino )benzoic
acid

The following non-limiting example represents the synthe-
sis of an imine therapeutic based on the transimination
nucleophilic catalyst p-aminobenzoic acid (PABA) and is
applicable to a wide number of synthesis” whereby PABA is
the catalyst.

HO

COOH

To a solution of o-vanillin (10 mM) in anhydrous ethanol
was added p-aminobenzoic acid (11 mM) in anhydrous etha-
nol. To this solution was added 50 uL. of glacial acetic acid.
The solution was mixed at room temperature for 4 h and the
off-white precipitate was filtered and washed with cold EtOH
to yield the final product in quantitative yields.

Example 4

Preparation of
2-((4-carboxyphenylimino)methyl)-5-hydroxybenzoic
acid

The following non-limiting example represents the synthe-
sis of an imine therapeutic based on the transimination
nucleophilic catalyst p-aminobenzoic acid (PABA) and is
applicable to a wide number of synthesis” whereby PABA is
the catalyst.

HO,C oH

COOH

To a solution of 2-formyl-5-hydroxybenzoic acid (10 mM)
in anhydrous ethanol was added p-aminobenzoic acid (11
mM) in anhydrous ethanol. To this solution was added 50 pul,
of glacial acetic acid. The solution was mixed at room tem-
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perature for 4 h and the off-white precipitate was filtered and
washed with cold EtOH to yield the final product in quanti-
tative yields.

Example 5

Preparation of 4-(4-methoxy-2-(2-(pyridin-4-yl)
ethyl)benzylideneamino)benzoic acid

The following non-limiting example represents the synthe-
sis of an imine therapeutic based on the transimination
nucleophilic catalyst p-aminobenzoic acid (PABA) and is
applicable to a wide number of synthesis” whereby PABA is
the catalyst.

COOH

N S
\I
~

To a solution of 4-methoxy-2-(2-(pyridin-4-yl)ethyl)ben-
zaldehyde (10 mM) in anhydrous ethanol was added p-ami-
nobenzoic acid (11 mM) in anhydrous ethanol. To this solu-
tion was added 50 plL of glacial acetic acid. The solution was
mixed at room temperature for 4 h and the off-white precipi-
tate was filtered and washed with cold EtOH to yield the final
product in quantitative yields.

Example 6

Preparation of 4-(4-methoxy-3-(pyridin-2-yl-
methoxy)benzylideneamino)benzoic acid

COOH
z N
N
0 \
O\ /

The following non-limiting example represents the synthe-
sis of an imine therapeutic based on the transimination
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nucleophilic catalyst p-aminobenzoic acid (PABA) and is
applicable to a wide number of synthesis” whereby PABA is
the catalyst.

To a solution of 4-methoxy-3-(pyridin-2-ylmethoxy)ben-
zaldehyde (10 mM) in anhydrous ethanol was added p-ami-
nobenzoic acid (11 mM) in anhydrous ethanol. To this solu-
tion was added 50 pL. of glacial acetic acid. The solution was
mixed at room temperature for 4 h and the off-white precipi-
tate was filtered and washed with cold EtOH to yield the final
product in quantitative yields.

Example 7

Preparation of 4-(3-methoxy-4-(pyridin-2-yl-
methoxy)benzylideneamino)benzoic acid

The following non-limiting example represents the synthe-
sis of an imine therapeutic based on the transimination
nucleophilic catalyst p-aminobenzoic acid (PABA) and is
applicable to a wide number of synthesis” whereby PABA is
the catalyst.

To a solution of 3-methoxy-4-(pyridin-2-ylmethoxy)ben-
zaldehyde (10 mM) in anhydrous ethanol was added p-ami-
nobenzoic acid (11 mM) in anhydrous ethanol. To this solu-
tion was added 50 pL. of glacial acetic acid. The solution was
mixed at room temperature for 4 h and the off-white precipi-
tate was filtered and washed with cold EtOH to yield the final
product in quantitative yields.

Example 8
The Oxygen Affinity of Hemoglobin Increases in the
Presence of SHMF and Increasing PABA

TABLE 1

Influence of catalyst concentration on AP, (%) after 1 hat 37° C.
PABA Na* is the sodium salt of p-aminobenzoate (Sigma), SHMF
is 5-hydroxymethyl-2-furfural (Sigma).

SHMF  PABA Na* Pso AP (%)

Exp  (mM) (mM) (nunHg)  (nmHg)  "ng,
A 1 — 14.00 753 2.50
B 1 1 10.81 28.60 1.90
C 1 10 9.22 39.10 1.77
D 1 100 6.74 5548 2.17
E 3 — 8.21 45.78 173
F 5 — 572 6222 1.91

“APso = (P50 control (HbS only) — Psq sample)/(Ps, control) expressed as a percentage.
bn50 is the hill coefficient. All samples contain the same concentration of DMSO.

Studies were initiated to explore the relationship between
the concentration of PABA and the effect on the oxygen
equilibrium curves and AP, of Hb solutions containing 1
mM 5-hydroxymethyl-2-furfural. The oxygen equilibrium
curves (OEC) of hemoglobin (1 mg/ml) in phosphate buffer
saline pH 7.4 containing 100 mM, 10 mM or 1 mM of the
sodium salt of p-aminobenzoate (Sigma) were determined
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with a Hemox Analyzer (TCS Scientific Corp.). Hemoglobin
solutions were incubated at 37° C. for 1 h, in the presence (+)
or absence (-) of each compound, as specified in Table 1. In
the absence of SHMF and PABA (Hb control), the OEC of the
Hb suspension is a sigmoid curve with a P, value of 15.14
mmHg at 37° C. Pre-incubation of the Hb suspensions (con-
taining 1 mM SHMF) with increasing concentrations of
PABA (Experiments B, C, and D) shifted the position of the
OECs towards the left. The shapes of the curves changed from
sigmoid to hyperbolic with increasing catalyst concentration,
suggesting a decreasing cooperativity and increasing oxygen
affinity. The addition of an equimolar amount of PABA
increased the efficacy of SHMF significantly. Increasing the
PABA concentration to 10 mM and 100 mM (SHMF constant
at 1 mM) increased the oxygen affinity further, but these
changes did not impact the oxygen affinity as significantly.
The increase in the oxygen affinity was compared with what
was observed for increasing concentrations of SHMF in the
absence of PABA (Experiments A, E and F). Inthese controls,
the OEC was shifted left, and the shape of the curve changed
from sigmoid to hyperbolic (as with the presence of PABA).
The presence of equimolar amounts of 1 mM SHMF and 1
mM PABA increased the percent AP, value by almost four
fold as compared to the change with 1 mM SHMF alone.
Control experiments with solutions of Hb containing 100
mM, 10 mM or 1 mM PABA (no SHMF) did not shift the OEC
or cause a change in the P, value, when compared with the
Hb control experiment. The increase in Ps, of Hb (higher
oxygen affinity) in the presence of SHMF and PABA is a
reflection of the generation of AIC generated in situ, which is
more reactive with Hb than SHMF alone.

Example 9

The Imine Therapeutic of Example 1 (AIC) Reacts
with Hemoglobin at Kinetically Fast Rates

The isolated imine of Example 1, formed by reacting
p-aminobenzoic acid and 5-hydroxymethyl furfural, reacts
with hemoglobin at faster rates than SHMF. The therapeutic
imine was synthesized according to Example 1. To a solution
of purified HbA (1 mg/ml), from an anonymous human
donor, in PBS 7.4 was added equivalent amounts of the thera-
peutic imine of AIC (1 mM), or SHMF (1 mM). The HbA
solutions show a new peak (~7.1 min) on cation-exchange
HPLC (Table 2) that elutes prior to the unmodified HbA peak
(~8.2 min). The new peak represents the SHMF/HbS formed
between SHMF and HbA and can be quantified by integration
of'the representative peaks. (6,7) Consistent with our hypoth-
esis, the therapeutic imine of Example 1. modifies HbA at
significantly enhanced rates compared to SHMF at identical
concentrations. The initial rate of Schiff base adduct forma-
tion between the therapeutic imine and HbA is nearly 10
times faster than the rate of formation between SHMF and
HbA, as determined by cation-exchange HPLC at room tem-
perature. After 30 min at room temperature, the 1 mM AIC
solution resulted in ~32% of the desired Hb adduct, compared
to just 6% in the 1 mM SHMF solution (Table 2). Control
studies (PABA only) did not show a new peak by HPLC.

Example 10
The Therapeutic Imine AIC Forms SHMF/HbS

Adducts Ex Vivo at Faster Rates Compared to SHMF
Alone

To aliquots of whole blood (100 pL), from the BERKYyM
mouse, was added either AIC (Example 1) (5 mM) or SHMF
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(5 mM). The blood was incubated for 1 h at 37° C. with
shaking and aliquots were washed, lysed and analyzed by
HPLC as described above. Consistent with our hypothesis,
AIC permeates the erythrocyte membrane and forms SHMF/
HbS adducts at significantly enhanced rates compared to
SHMF at identical concentrations. The initial rate of SHMFE/
HbS adduct formation using AIC (measured after 10 min) is
significantly faster than the rate of formation using SHMF
alone. After 30 min at 37° C. the 5 mM AIC solution resulted
in formation of 50% of the desired SHMF/HbS adduct, com-
pared to 27% in the 5 mM SHMF solution (FIG. 1). Negative
controls (PABA only) did not show a new peak by HPLC.

Example 11

AIC is More Stable to Air, Light and Moisture as
Compared to SHMF

The commercial-scale production, distribution and stabil-
ity of SHMF, a hygroscopic off-white solid, may be costly as
the compound is highly susceptible to degradation upon
exposure to air, light and moisture (21). The AIC, isolated as
a white powder (salt), as described above, is significantly
more stable in terms of its degradation. To quantify the dif-
ferences in stability, 500 mg of AIC or SHMF were placed in
a controlled humidity chamber and exposed to light at 22° C.
for a period of 2 wks. The SHMF sample becomes yellow
after 24 h, and has several new peaks in the 'HNMR spectra
and HPLC chromatogram. After 3 days, the SHMF sample
has undergone significant chemical changes, as indicated by
a new chemical shifts in the aliphatic region of the "THNMR
spectra, and significant changes in the HPL.C chromatogram.
The AIC did not exhibit a noticeable color change over the
2-week evaluation period, and no changes in the "HNMR
spectra and HPL.C chromatogram were observed.

Example 12

Mixtures of PABA and SHMF Enhance the Rate of
Formation of SHMFEF/HbS Adducts Ex Vivo

Studies were initiated to explore the impact of mixing
equimolar concentrations of PABA and SHMF on the rate of
SHMF/HbS adduct formation in whole blood from a
BERKyM transgenic mouse. To aliquots of whole blood (100
pl) was added either SHMF (2 mM or 5 mM), the sodium salt
of PABA (2 mM or 5 mM), or equimolar concentrations of
PABA/SHMF (2 mM or 5 mM). The blood was incubated for
1 h at 37° C. in a shaking water bath and aliquots were
washed, lysed and analyzed by cation-exchange chromatog-
raphy as described above. The rate enhancements are not
optimized in these experiments, and additional experiments
to account for the differences in rates of transport across the
RBC membrane will be performed during Phase I SBIR
studies. However, after 30 minutes at 37° C., the whole blood
containing equimolar PABA/SHMF (5 mM) resulted in 64%
of'the desired SHMF/HbS adduct compared to just 40% with
the use of 5 mM SHMF alone. Equimolar solutions of 2 mM
PABA/SHMF resulted in 30% of the SHMF/HbS adduct
being formed, compared to just 23% when using 2 mM
SHMF alone (FIG. 2). Control experiments with PABA only
did not result in any adduct formation. These results are
encouraging and validate the hypothesis that co-administra-
tion of PABA is useful to decrease the concentration of SHMF
needed to modify red blood cells ex vivo; the molecular basis
of the proposed anti-sickling therapeutic approach.
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Example 13

Co-Administration of PABA and SHMF Enhances
the Rate of Formation of SHMF/HbS Adducts In
Vivo

BERK M mice were injected (intravenous) with solutions
containing either SHMF (200 mg/kg) or SHMF (200 mg/kg)
and the sodium salt of PABA (200 mg/kg). The mice that were
injected with only 200 mg/kg SHMF became lethargic and
exhibited noticeable changes in behavior, while mice that
were injected with solutions of SHMF/PABA were active as
normal. Higher concentrations of SHMF alone (300-500
mg/kg) caused mice to convulse and die, while co-adminis-
tration of PABA/SHMF did not have this effect. To assess of
SHMEF/HbS adduct formation, aliquots of blood were taken at
10 and 30 min, and immediately washed, lysed and subjected
to HPLC as previously described. The initial rate of SHMF/
HbS adduct formation (measured after 10 min) is signifi-
cantly faster than the rate of formation using SHMF alone.
The initial rate of SHMF/HbS adduct formation in experi-
ments where PABA was co-administered (measured after 10
min) is significantly faster than the rate of formation using
SHMF alone. After 10 min, mice injected with PABA/SHMF
had almost 3x the amount of SHMF/HbS adduct formed
(13.9% SHMF/HbS adduct) when compared to control
experiments with SHMF alone (5.1% SHMF/HbS adduct).
After 30 min, the amount of SHMF/HbS adduct decreased to
8.5% and 4.1% respectively (FIG. 3). The conditions in this
experiment were not optimized and we attribute the decrease
in SHMF/HbS adduct to the method of administration.

Example 14
Synthesis of AIC-4423 Synthesis (FIG. 4)

AlIC-4423 was synthesized by inexpensive procedures
developed in our laboratory (FIG. 4). Tucaresol (10 mM) and
p-aminobenzoic acid (11 mM) was mixed in EtOH at room
temperature with a catalytic amount of glacial acetic acid.
After 4 h at room temperature, AIC-4423 was precipitated as
a white solid, washed with ethanol and characterized by
'HNMR and LCMS.

Example 15

PABA Enhances the Rate and Degree of Schiff Base
Adduct Formation Between Tucaresol and T-Cells

The central hypothesis of our approach involves utilizing
PABA to increase the rate of Schiff base formation between
Tucaresol and T-cells in order to minimize the concentration
of Tucaresol required for efficacy. We used an established
competitive covalent ligation assay (2) to examine the influ-
ence of PABA on the rate and degree of Schiff base-adduct
formation between Tucaresol and T-cells isolated from the
spleens of Balb/c male mice. In this assay, the degree of
Tucaresol/T-cell adduct formation is inversely proportional to
the mean fluorescence intensity (as visualized by ligation
with S-NHS-biotin and FITC-avidin). T-cells were incubated
for 30 min with 500 uM Tucaresol only (blue column, FIG. 5),
1 mM PABA only (orange column, FIG. 5) or a mixture of 500
uM Tucaresol and 1 mM PABA (red column, FIG. 5) at37° C.
After 30 min, the reducing agent NaCNBH; was added to
selectively reduce Schiff base adducts (chemically trapping
the Tucaresol/T-cell adduct). Washed cells were exposed for 1
h to 12.5 pM S-NHS-biotin (Pierce Rockford, I11.) to ligate
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unreacted free surface amino groups. After washing, cells
were exposed to excess fluorescent avidin (FITC-avidin)
(Pierce), fixed and visualized using flow cytometry. As
expected, cells that were treated with a mixture of PABA/
Tucaresol were significantly less fluorescent than cells that
were treated with 500 M Tucaresol alone, indicating that the
presence of 1 mM PABA increased the relative rate and
degree of Schiff base adduct formation between Tucaresol
and T-cell amines. Cells that had been treated with only 500
UM Tucaresol, were similar in fluorescent intensity to cells
treated with only 1 mM PABA (negative control), which did
not exhibit a change in mean fluorescent intensity as com-
pared to untreated cells (not shown).

Example 16

PABA Enhances the Rate of Melanoidin Formation
In Vitro

Low concentrations of the transimination nucleophilic
catalyst (PABA) significantly increase the rate at which mel-
anoidin formation occurs in vitro, as determined by the (1)
qualitative rate of color change (FIG. 3A) and (2) quantitative
change in the UV-VIS spectrum (FIG. 3B, 3C). Solutions of
glycine (6%) and DHA (6%) in 100 mM NH,OAc bufter pH
5.5 were incubated in the presence (+) and absence (-) of the
sodium salt of PABA (1%) at 32° C. In the presence of 1%
PABA, the solutions darkened at faster rates as compared to
negative controls (no PABA). Control solutions containing
only PABA and DHA (no glycine) did not exhibit significant
color changes over the course of the experiment. The UV-Vis
spectrum changed more rapidly in the presence of PABA
(FIG. 6B, 6C), and the changes in the absorbance spectrum
can be used to compare the relative rates of melanoidin for-
mation.

Example 17

PABA Enhances the Rate of Melanoidin Formation
In Vivo

The central hypothesis of our strategy was validated in a
clinical setting at AMA Laboratories Inc. (New City, N.Y.)
where preliminary experiments have established that low
concentrations of transimination nucleophilic catalyst
(PABA, OABA, Menthyl-o-aminobenzoate, 3-hexen-1-yl
anthranilate, methyl anthranilate, ethyl anthranilate, or butyl
anthranilate) significantly increase the rate at which melanoi-
din formation occurs on human skin.?® The strategy is exem-
plified in FIG. 7, where solutions of 5% DHA,,, (+/~PABA)
were prepared and 25 uL. applied to a pre-defined area (5.1
cm?) on the inner left arm of 3 subjects. The application areas
were allowed to dry for 5 min and were monitored for 14 days,
with photographs taken throughout. The subjects were asked
not to bathe for the first 24 h. The application area where the
+PABA solution was applied exhibited noticeable color
change within ~15 min. The application area where the con-
trol solution (-PABA) was applied did not noticeably darken
for ~1 h. Significant differences in the appearance of the
application areas were noticeable during the study, and no
adverse reactions of any kind were observed. Throughout the
study, the color change in the +PABA application area was
more homogenous and appeared more “natural” in color (as
determined qualitatively by the 3 subjects). Furthermore, the
+PABA areas faded more evenly, did not produce detectable
malodor and did not exhibit “streaking”, as was observed on
all 3 panelists in the —-PABA application areas. The prelimi-
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nary results of these experiments are promising, and we plan
to expand the study to incorporate a larger, statistically sig-
nificant panel during phase II SBIR studies.
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What is claimed is:

1. A stable, isolated compound comprising a substantially
pure reaction product of a transimination nucleophilic cata-
lyst and a carbonyl molecule which forms an imine group,
wherein said carbonyl molecule is a small molecule immu-
nomodulator that forms Schift base adducts with biological
amines of the immune system, or is an adjuvant that forms
Schiff base adducts with biological amines of the immune
system, wherein said small molecule immunomodulator is
tucaresol, isotucaresol or a carbonyl-containing derivative of
tucaresol or isotucaresol.

2. A stable isolated compound comprising a substantially
pure reaction product of a transimination nucleophilic cata-
lyst and a carbonyl molecule which forms an imine group
according to the chemical formula QS-21-Api or QS21-Xyl:
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Where R® is H or an optionally substituted C,-C,, alkyl

group, 20 R,
or a pharmaceutically acceptable salt thereof. Rs00C N
3. A compound according to the chemical formula: \
Rs ) 47 ORy .
Nt
L 3
N,
X R
Rz \W| 1 R40 )m
N
A 50
| ——COORg4 /
s Ry X | Ry
N N
where 55 | ——COORg
R1 is OH s
R2 is H; Ry 7 OR4
R3 is H or CH;
) 60 / \
R4 is H or CH; or CH,CHj;
R R
R6 is H or an unsubstituted C,-C, , alkyl; and ' | X :
X—NH, CHNH,O, S Se or P, or ~ N
A pharmaceutically acceptable salt or solvate thereof. 65 RsOOC—:
# and

4. The compound according to claim 3 according to a
chemical formula selected from the group consisting of
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-continued Z .is (CH)M;
R, R3 n is an integer from 1 to 4;
andY and Z are interchangeable;
/ \ Or a pharmaceutically acceptable salt or solvate thereof.
5 8. The compound of claim 5 according to a chemical for-
RO m X | Ry mula selected from group consisting of:
N
—COORy ORy—Y—Z2—Rs
10
Or a pharmaceutically acceptable salt or solvate thereof.
5. A compound according to the chemical formula:
15 COORg
R; \,I_‘/,-)m—om—Y—z—Rs
£ 3
54X
Ry X Ry
20
Where R, is an imine C—N—V, its tautomer, or a pharma- \
cologically acceptable salt C="NH—V,
N—YV is a transimination nucleophilic catalyst radical
which is a 6-membered aromatic amine; 25
R? and R? are each independently H, OH, C'-C'? alkyl,
C'-C*2 alkoxy, C'-C*? hydroxyl-alkyl, halogen, aryl, or Rs—Z—Y—R4O—), R;
O-aryl;
R* and R® are each independently a substituted or unsub- /

stituted aromatic or heteroaromatic moiety, a substituted 5,

or unsubstituted alkyl or alkylnoic acid or ester moiety; Ry X B
M is an integer from 1 to 6; N
X=NH, O, S, Se or P; and A
wherein Y is a chemical linker which includes one to four | —COORs
chemical moieties selected from the group consisting of 55 S
CH2, CO, O, S, NH, NHCO and NHCONH; Rs 7 ORy—Y—Z—R;
Zis (CH),;
n is an integer from 1 to 4; and / \
wherein Y and Z are interchangeable,
or a pharmaceutically acceptable salt or solvate thereof. 4, Ry | X R
6. The compound according to claim 5 wherein said N—V N
radical is obtained from p-aminobenzoic acid (PABA), 7
OABA,MABAoraC,-C,, esterof PABA, OABA or MABA. ReOOC—~ |
7. A compound according to claim 5 according to the AN and
chemical formula: 45 R, R;
ng-)m—om—Y—Z—Rs Rs—Z—Y—R40 / \ )
L3 NIy
Ry X7 R, 50 N
| AN
N N | P COORg
| ——COORg
S
55

Or a pharmaceutically acceptable salt or solvate thereof.
9. A pharmaceutical composition comprising an effective

Whe.:re amount of a compound according to claim 1 in combination

R, Is an Hor OH: with a pharmaceutically acceptable carrier additive or excipi-

R,is H; ent.

R, i.S CH,OH; ) 60 10. A pharmaceutical composition comprising an effective

R, is an unsubstituted alkyl; amount of a compound according to claim 2 in combination

R; is an unsubstituted heteroaryl; with a pharmaceutically acceptable carrier additive or excipi-

Mis1,2,3,4,5o0r6; and ent.

XisOorS; 11. A pharmaceutical composition comprising an effective

Y is a chemical linker which includes one to four chemical 65 amount of a compound according to claim 3 in combination
moieties selected from the group consisting of CH,, CO, with a pharmaceutically acceptable carrier additive or excipi-

0, S, NH, NHCO and NHCONH; ent.
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12. A pharmaceutical composition comprising an effective
amount of a compound according to claim 4 in combination
with a pharmaceutically acceptable carrier additive or excipi-
ent.

13. A pharmaceutical composition comprising an effective
amount of a compound according to claim 5 in combination
with a pharmaceutically acceptable carrier additive or excipi-
ent.

14. A pharmaceutical composition comprising an effective
amount of a compound according to claim 6 in combination
with a pharmaceutically acceptable carrier additive or excipi-
ent.

15. A pharmaceutical composition comprising an effective
amount of a compound according to claim 7 in combination
with a pharmaceutically acceptable carrier additive or excipi-
ent.

16. A pharmaceutical composition comprising an effective
amount of a compound according to claim 8 in combination
with a pharmaceutically acceptable carrier additive or excipi-
ent.
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